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NOTE: Members who are contemplating submitting papers for presentation at any of the above meetings should communicate 
promptly with Institute headquarters, 33 West 39th Street, New York, N. Y., so that such papers may be docketed for con- 
sideration by the technical program committee, which formulates programs for all meetings several months in advance. Upon 
receipt of this notification, Institute headquarters will mail to each prospective author important and helpful information ex- 
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P ULP insulation may now be applied 
directly to the conductor of a telephone 
cable, the paper making and insulating 
operations being combined into one process. 
A considerable saving over spirally wrapped 
paper insulation is made possible by the 
use of a low cost Kraft pulp and the elimina- 
tion of the paper making, paper splitting, 
and handling operations. p. S35—43 


Discussions of the technical papers 
presented at the Institute’s Middle Eastern 
District meeting, Baltimore, Md., October 
10-13, 1932, have been reviewed and sum- 
marized. p. 877-9 


Unsuimrren range is available in a new 
electrostatic voltmeter for measuring either 
a-c or d-c potentials. It is a rugged and 
portable instrument, has high accuracy, 
short period, linear scale characteristics, 
and draws no current. p. 863-5 
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(For complete listing see p. 678-81, September 
1932 issue of ELECTRICAL ENGINEERING.) 


Licutninc protection has been care- 
fully considered in the design of the Safe 
Harbor-Westport 230-kv transmission line. 
Insulation is particularly heavy, ground 
wire protection has been applied according 
to the latest theory, and special effort has 
been made to reduce tower to ground 
resistances. p. 834-8 


Syncuron OUS motors applied to con- 
stant speed main-rolls in metal rolling mills, 
both steel and non-ferrous, are rapidly in- 
creasing in favor, due to improvements in 
the synchronous motor and its control, and 
the favorable first cost. p. 855-8 


Fautr location on power cables has been 
facilitated by one company through the use 
of constant current transformer for reducing 
high initial fault resistance, and a short 
circuiting switch for generating signals 
which locate the fault. p. 870-2 


Quick stopping of synchronous 
machines usually can be accomplished 
most satisfactorily by dynamic brak- 
ing. Accurate prediction of the num- 
ber of revolutions and time required to 
stop now can be made by means of 
simple formulas. Changes in excita- 
tion during the stopping period are 
taken into account. p. 843-5 


Economic aspects of water power 
have been analyzed to facilitate com- 
parison between hydroelectric and 
steam plants. The capacity and en- 
ergy costs of hydroelectric power are 
expressed in terms of the cost of steam 
power, and various factors affecting 
any decision as to whether a hydro- 
electric or steam power plant is to be 
built are discussed. p. 849-52 


Merar transfer during electric arc 
welding, although subjected to much 
discussion, is not fully understood. 
The mechanism of this transfer has 
been studied by a new method which 
it is stated records all of the possible 
forms of metal transfer, by means of a 
metallic strip moving at high speed 
through the arc. This method indi- 
cates that liquid globules are the chief 
form of metal transfer. p. 852-4 


CuAnceEs have been made in the 
prizes which the Institute presents for 
technical papers. These changes con- 
cern the prizes for national, Section, 
and Branch papers. Although the 
cash awards have in some cases been 
eliminated, ample incentive for the 
preparation of well written papers 
should remain. p. 875 


Tecuntcar papers to be presented 
at the 13 sessions of the Institute’s 
coming winter convention to be held in 
New York, N. Y., January 23-27, 1933, 
have been tentatively arranged. The 
subject balance of these papers is par- 
ticularly good, and should draw many 
to attend the convention. p. 873-4 


Acrivittes in unemployment re- 
lief during the winter 1931-32 were 
summarized in ELECTRICAL ENGINEER- 
ING for November 1932, p. 809-13. 
Supplementing this article, suggestions 
which have been received from many 
Sections of the Institute, giving meth-. 
ods which may be followed during the 
coming winter, are presented in the 
present issue. p. 880-2 


House telephone cables for large 
buildings require consideration of many 
factors to insure that the telephone 
plant shall be used with the maximum 
degree of efficiency. . 867-9 
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Recommended Practises for the 
Protection of Electrical Apparatus 


The relay subcommittee of the A.I.E.E. 
protective devices committee herewith 
submits its recommendations for the pro- 
tection of electrical apparatus. These 
recommendations are based upon a ques- 
tionnaire and the 37 replies thereto from 
specialists in this field. Answers were 
interpreted and codified by a group of 
20 experienced engineers particularly 
interested in the protection of electrical 
apparatus and circuits. It is hoped that 
this concensus of present-day opinion will 
be the beginning of a series that will be 
augmented and improved with each 
periodic analysis and reissue. 


I. THE-PAST, 3 papers entitled 
“Transmission Line Relay Protection’ have been 
presented before the Institute. These indicated the 
progress of the protection art and discussed in some 
detail certain methods considered general practise at 
the time they were written. The last one, presented 
in 1930, contained brief notes on the protection of 
some of the major items of system equipment. At 
that time, however, it was believed desirable to have 
a similar paper prepared, which would be devoted to 


Full text of a report (A.I.E.E. Paper No. 33-1) prepared by the relay subcommit- 
tee of the protective devices committee to be presented at the A.I.E.E. winter 
convention, New York, N. Y., Jan. 23-27, 1933. 


Members of relay subcommittee—O. C. Traver, chairman, Genl. Elec. Co., 
Phila., Pa.; E. H. Bancker, Genl. Elec. Co., Schenectady, N. Y.; D. L. Bement, 
Northern Ind. Pub. Serv. Co., Hammond, Ind.; H. D. Braley, N. Y. Edison 
Co., New York, N. Y.; R. E. Cordray, Genl. Elec. Co., Phila., Pa.; G. B. Dodds, 
Duquesne Lt. Co., Pittsburgh, Pa.; W. W. Edson, Edison Elec. Illum. Co., Bos- 
ton, Mass.; L. E. Frost, Bklyn. Edison Co., Bklyn., N. Y.; E. E. George, Tenn. 
Elec. Pwr. Co., Chattanooga, Tenn.; S. L. Goldsborough, Westinghouse E. & 
M. Co., Newark, N. J.; W. A. Lewis, Westinghouse E. & M. Co., Pittsburgh, 
Pa.; H. A. McLaughlin, Central Hudson Gas & Elec. Co., Poughkeepsie, N. Y.; 
J. H. Neher, Phila. Elec. Co., Phila., Pa.; R. E. Pierce, Elec. Bond & Share Co., 
New York, N. Y.; C. F. Powers, New England Pwr. Corp., Boston, Mass.; H. 
M. Rankin, Metropolitan Edison Co., Reading, Pa.; A. W. Rauth, Consumers 
Pwr. Co., Jackson, Mich.; F. O. Schnure, Bethlehem Steel Co., Sparrows Point, 
Md.; H. P. Sleeper, Pub. Serv. Elec. & Gas Co., Newark, N. J.; E. R. Stauf- 
facher, So. Calif. Edison Co., Los Angeles, Calif.; George Steeb, Buffalo Niagara 
& Eastern Pwr. Corp., Buffalo, N. Y.; and E. M. Wood, Hydro Elec. Pwr. 
Comm., Toronto, Canada. 


Others who supplied data through their replies to the questionnaire—T. J. Bost- 
wick, Aluminum Corp. of America, Pittsburgh, Pa.; E. A. Childerhose, Stone & 
Webster Co., Boston, Mass.; H. W. Collins, Detroit Edison Co., Detroit, Mich.; 
L. E. Cook, Texas Pwr. & Lt. Co., Dallas, Tex.; A. C. Cummins, Carnegie Steel 
Co., Duquesne, Pa.; C. H. Frier, Okla. Gas Co., Okla. City, Okla.; G. W. Ger- 
rell, Union Elec. Lt. & Pwr. Co., St. Louis, Mo.; A. S. Goodrich, Hammermill 
Paper Co., Erie, Pa.; H. H. Green, Pa. Pwr. & Lt. Co., Hazleton, Pa.; J. Hellen- 
thal, Puget Sound Pwr. & Lt. Co., Seattle, Wash.; A. V. Joslin, Pacific Gas & 
Elec. Co., San Francisco, Calif.; J. T. Logan, Georgia Pwr. Co., Atlanta, Ga.; 
Cc. A. Muller, American Gas & Elec. Co., New York, N. Y.; P. H. Robinson, 
Houston Ltg. Co., Houston, Tex.; J. J. Samson, Commonwealth Edison Co., 
Chicago, Ill.; C. J. Smith, Illinois Steel Co., Chicago, Ill.; and E. B. Wagner, 
Lehigh Valley Coai Co., Wilkes-Barre, Pa. 
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apparatus protection. It is therefore the purpose 
of this report to present a review of those methods 
that are in general favor at the present time, and 
that are considered good practise for the protection 
of the main items of electrical apparatus. 

Information upon which this report is based was 
furnished by representative engineers associated with 
protective problems in public utility and industrial 
fields. In order that the survey might be as com- 
prehensive as possible, 61 copies of a questionnaire 
were distributed, of which 35 were returned. To 
guard against answers being given in the light of past 
practise the transmittal letter emphasized particu- 
larly the value of opinions based upon future appli- 
cations rather than upon existing installations. 
Therefore it may be assumed confidently that the 
condensed results given express the most advanced 
ideas of a preponderant body of engineers engaged 
directly in the study of protection problems. 

In but few cases the average opinion expressed in 
the questionnaires differs from the views of the com- 
mittee. Where such disagreements occur, both 
opinions are given, together with the reasons that 
influenced the committee in qualifying the average 
opinion disclosed by the questionnaire. While agree- 
ment was not always unanimous, no radically differ- 
ent views were found to exist. 

There appears to be a growing recognition of the 
importance of considering protection problems from 
2 major viewpoints: (1) their monetary significance 
as insurance against damage to equipment; and (2) 
the less tangible, but no less vital relation they bear 
to the value of the service in terms of good-will. The 
former may be computed readily from existing 
records of repair costs; the latter is more difficult to 
evaluate in a pecuniary sense and consequently is 
susceptible to a variety of conclusions when con- 
sidered from the angle of return on capital invested. 
It is not disputed that this return is large, especially 
in comparison with the cost of the protective devices, 
and that it probably will loom still larger as power 
system growth and interconnections continue. 

In arriving at the opinions expressed the committee 
duly weighed the cost of the protective equipment 
against the value of the results to be expected. This 
procedure will be found borne out by the kilovolt- 
ampere ratings for which the more expensive methods 
of protection are reeommended. Not only is a large 
piece of apparatus inherently more costly than a 
small one, but its incapacity to operate will result in 
relatively greater inconvenience to the system it 
serves. 

It should be remembered also that these recom- 
mended ratings apply to the general case and that 
special situations will arise in which it may be 
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deemed advisable either to raise or to lower them. 
Machines of a certain rating may seem small on a 
large system and yet attain considerable importance 
when the system to which they are attached is itself 
small. In view of the difficulty of basing recom- 
mended ratings upon the size of the system the com- 
mittee felt that it was preferable to consider such 
ratings upon the more definite basis of intrinsic values 
and relative costs of protection. 

This report deals particularly with protection 
against electrical and mechanical failure. When 
applied to unattended apparatus it overlaps to some 
extent the field of A.I.E.E. Stanparps No. 26 on 
automatic stations which embrace protection against 
control failure. 


A-C GENERATORS 


Differential Protection. In general differential pro- 
tection is recommended for a-c generators. Equip- 
ment used for this protection should disconnect the 
line and field simultaneously and also the neutral if 
an adequate circuit breaker is provided. In some 
cases it shuts down the prime mover. This equip- 
ment also should prevent any dangerous rise of 
exciter voltage when the exciter is connected directly 
to a hydroelectric generator, or in any other situation 
in which the exciter may attain excessive speed upon 
loss of load on the prime mover. As a further pre- 
caution against the spread of destructive effects 
following an internal failure, the differential relay 
may be utilized to liberate carbon dioxide within the 
shell of any machine that has a degree of enclosure 
sufficient to render the gas effective. 

For generators of either the open or enclosed type 
at attended stations differential protection is recom- 
mended for ratings of 1,000 kva and higher. The 
average, as derived from answers to the question- 
naire, is 3,000 kva; but in view of the intrinsic value 
and the good results on record the committee felt 
justified in lowering this figure. At unattended sta- 
tions differential protection is recommended for 
generators rated at 250 kva and higher. 

From the standpoint of service, frequently a small 
generator may be as important as a larger one; this 
is especially true where a small machine is operating 
directly on a bus with larger generators which already 
are provided with differential protection. In such 
case a fault in the small generator, if not quickly 
removed, may prove as embarrassing to the service 
as a similar fault in a large generator; hence here 
differential protection for the small machine is 
strongly indicated. 

In view of the decreased hazard of insulation 
failure at low voltages this form of protection is 
recommended only on machines rated at 2,300 volts 
and higher. This opinion is strengthened by the 
high currents usually encountered at lower voltages, 
since these require rather massive terminals and 
involve greater difficulty in bringing out all of the 
necessary armature leads. 

It is recommended that the zone protected by the 
differential relay include as far as possible all con- 
ductors that extend from the generator armature to 
the bus and the circuit breaker as well. 
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On generators of 20,000 kva or larger, having 2 or 
more parallel windings per phase and where there is 
a possibility of turn-to-turn failure, it is recom- 
mended that additional protection be provided in the - 
form of a differential relay actuated by a difference 
of in-phase currents that may occur in the parallel 
windings. When the neutral is solidly grounded a 
turn-to-turn fault will develop quickly into a fault — 
to ground; therefore this protection is recommended — 
particularly in cases where the generator neutral is” 
not solidly grounded. The possibility of circulating 
currents also must be investigated when parallel 
balance is contemplated; perhaps, however, these 
can be avoided when the machine is designed. 
Unless this precaution is taken it is possible that on 
external faults circulating currents may cause im-_ 
proper operation of the relay. With some types of 
armature windings this relay also is capable of 
detecting short-circuited turns in the field winding. | 
Since this form of protection is recommended only 
for large machines its provision adds but a small. 
fraction to the over-all cost of the unit. 


Overcurrent Protection. The use of overcurrent 
protection for generators in attended stations is not 
regarded favorably, but is recommended for back-up 
protection at unattended stations. When generators 
at attended or unattended stations are not provided 
with differential protection, then overcurrent devices, 
actuated either directly by the armature current or 
by its thermal effect as in a replica relay, should be 
employed. However, because of the rapid decre- 
ment of the short-circuit current, care must be exer- 
cised in the use of overcurrent relays. 

A replica relay operates at a specific temperature 
of its own mechanism which is designed to have at all 
times the same temperature as the device protected, 
when subjected to the same ambient conditions. 
Other types of temperature relays function on the 
actual temperature of the machine as determined by 
elements in direct contact, such as embedded tem- 
perature coils or thermocouples. Temperature re- 
lays are regarded as a valuable guide to the operator. 
It is the general opinion that in attended stations 
they should not disconnect the machine, but should 
provide only a warning signal. 


Field Temperature Protection. In general field 
temperature protection is not recommended. An 
exception, however, is made in favor of its applica- 
tion to generators that are provided with high speed 
excitation and paralleled over long transmission 
lines. Under short-circuit conditions a heavy field 
is applied quickly to hold these generators in step; 
if this field current is not reduced within a reasonable 
time it is possible for the generator field to overheat 
without the knowledge of the operator. To guard 
against this contingency a field temperature relay 
may be provided to sound an alarm in attended 
stations and to shut down the overheated machine - 
if the station is unattended. 


Power-Directional Protection With Time Delay. In 
the past this combination of protective devices 
occasionally has been used to prevent motoring on 
the part of a steam-turbine-driven generator. Since 
the purpose which it served now can be taken care 
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of automatically at the throttle, it is the general 
opinion that, except perhaps in rare cases, the need 
for this form of protection no longer exists. Its use 
as a protective measure against internal insulation 
failure is not recommended and can be justified only 
in the case of old machines which are not provided 
with sufficient armature terminals for the application 
of differential protection. 

Bearings. Temperature protection is recom- 
mended for the main bearings of all unattended 
machines. 

Protection Against Overspeed. It is agreed that the 
usual provision at the prime mover for protection 
against overspeed is satisfactory for the purpose and 
that nothing further should be necessary. 

Protection Against Accidental Loss of Field. Pro- 
tection against loss of field is recommended for dis- 
_ connection of the generator at unattended stations. 
A d-c undercurrent relay is the logical device for this 
purpose, but it must be given a suitable time delay to 
prevent its operation during transients reflected from 
the armature under short-circuit conditions. In at- 
tended stations this type of protection seldom is 
used; where it is used the relay should not disconnect 
the generator but may provide an indication to the 
operator upon the occurrence of this condition. 


FREQUENCY CONVERTERS; SYNCHRONOUS CONDENSERS 


Recommendations regarding protective equipment 
for a-c generators apply also to frequency converters 
and synchronous condensers. In addition it is be- 
lieved that some provision (usually time overcurrent 
relays) should be made for disconnecting a frequency 
converter under out-of-step conditions. Usually it 
is advisable to provide also time-delayed under- 
voltage protection for synchronous condensers. No 
distinction is made between attended and unattended 
stations in the use of these additional features. 


D-C GENERATORS 


At attended stations protection against overcurrent 
is considered necessary for d-c generators and, in 
addition, when these machines operate in parallel 
with another source of power, provision should be 
made for protection against reversal of the normal 
direction of current flow, functioning independently. 
Additional refinements are usually necessary in un- 
attended stations, but the variety and special nature 
of these devices do not permit of their inclusion in a 
general condensed report. They may be found listed 
in A.I.E.E. STANDARDS No. 26. 

Bearings. Temperature protection is recom- 
mended for the main bearings of all unattended 
machines. 

Exciters. When exciters are direct-connected and 
do not operate in parallel, it is recommended that no 
protection against electrical failure be used. For 
parallel operation, protection against overcurrent in 
a reverse direction should be provided. The current 
setting should be high enough to prevent possible 
disconnection of the machines when paralleling and 
when momentary disturbances are reflected from the 
a-c generator armature during a-c short circuits. 
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POWER TRANSFORMERS 
AND POWER AUTO-TRANSFORMERS 


Differential Percentage. When circuit breakers are 
provided for each winding, percentage differential 
protection is recommended for 2- or 3-winding power 
transformers of 1,000-kva rating and higher, either 
with or without tap-changing equipment, and 
whether operated singly or in parallel. As disclosed 
by the questionnaire the average minimum rating 
for which differential protection is recommended was 
found to be 5,000 kva. The committee recommends 
that differential protection always be provided for 
banks of 5,000 kva and more if operated in parallel, 
even though additional breakers must be purchased. 
When the transformer bank is part of a line and is 
provided with a circuit breaker on the bus side only, 
certain modifications of the foregoing method are 
recommended. These will be found under a subse- 
quent heading. 

When the necessary circuit breakers are provided 
for complete isolation of a power auto-transformer, 
percentage differential protection is recommended 
for an equivalent physical capacity of 1,000 kva and 
greater. It is recommended also that all banks of 
power auto-transformers operated in parallel of an 
equivalent physical capacity of 5,000 kva and greater 
be provided with differential protection even though 
additional breakers must be purchased. The auto- 
transformer output rating corresponding to 1,000 or 
5,000 kva of equivalent physical capacity will vary, 
of course, with the ratio of voltage transformation. 
In general the ratio of the equivalent physical 
capacity of an auto-transformer to its output is 
equal to the per cent voltage transformation, based 
upon the high voltage thus: 

Equivalent capacity —§ E,; — Ey _ Ey 


Rated output Ay } Ey 


where / is the high voltage, and 2 the low voltage. 

It is recommended that circuits embraced by the 
differential protection include all conductors up to 
and including the circuit breakers on each side of 
the transformer. 


Overcurrent Percentage (Dufferentially-Connected). . 
When differentially-connected overcurrent relays are 
used in place of percentage differential protection for 
any of the foregoing types of transformers, it is 
recommended that they be of the inverse time type. 
This time characteristic prevents operation on ex- 
ternal faults which otherwise may create sufficient un- 
balance at the relay to bring about needless tripping. 


Back-Up Protection. In addition to differential 
protection, overcurrent or other back-up protection 
(not necessarily at the transformer itself) should be 
provided at some point on the source side to protect 
the transformer against the effects of sustained excess 
currents which may arise from failure of protective 
apparatus to clear faulty equipment. Temperature 
relays, either operated by embedded coils or of the 
replica type (describled under ‘“‘A-C Generator Over- 
Current Protection’’), also occasionally are employed. 
When a transformer is not protected by differential 
methods it is recommended that overcurrent protec- 
tion always be provided. 
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Smoke or Gas Detectors. Insufficient experience 
with these devices in the United States precludes the 
expression of an opinion regarding their value, or 
their possibilities, as a means of transformer protec- 
tion. 


Transformers Having Breakers Only in the Low Side. 
Power transformers that have a circuit breaker on 
the bus side only, the other side being connected 
directly to the line, generally are treated as part of 
the line and consequently included in the line pro- 
tection. When the latter is protected by distance or 
directional overcurrent relays it is suggested that 
differential protection also be considered for the 
power transformer and that this protection be 
arranged to trip the transformer breaker. Under 
some circumstances this will result in speedier iso- 
lation of the disturbance. For example, if a fault 
occurs in the transformer during a period when 
normal power is flowing from the bus toward the 
far end of the line, the directional relay at the distant 
end cannot respond to the fault current until it has 
grown to proportions sufficient to overcome the 
torque produced by the normal direction of power. 
By quickly tripping the bus breaker, however, the 
differential relay interrupts the normal flow of power 
and thus frees the distant directional relay of its 
normal power torque. The directional relay then 
responds to the feeble fault current and the trans- 
former is isolated before serious damage can result. 


Magnetizing Transients. Replies to the question- 
naire disclose that trouble from magnetizing tran- 
sients is of sufficiently frequent occurrence to warrant 
some statement by the committee regarding means 
for overcoming its effect on the protective relays. 
Inrush magnetizing currents disturb the balance at 
the differential relay, and may cause needless trip- 
ping of the breakers. The ability of power sources 
of large capacity to maintain full voltage at the 
inception of the transient adds greatly to the magni- 
tude which it may attain. These abnormal currents 
are caused primarily by the residual magnetic flux; 
should this be of appreciable magnitude, and in a 
direction such that the flux change required by the 
voltage at the moment of switch closure will push 
the total flux above the knee of the saturation curve, 
it follows that the magnetizing current will be unduly 
large. The difficulty is more pronounced on 25-cycle 
systems. 


Special or additional equipment is available for 
preventing tripping during the magnetizing transient 
and this precaution is always necessary when high 
speed relays are used. The more common types of 
relays, however, being slower, usually will ride safely 
through the transient; where such relays are em- 
ployed the committee believes that the addition of 
the special equipment referred to should be based 
more properly upon the trouble which the user 
encounters. 


It is pointed out also that undesired operation of 
differential relays may occur at the moment of 
clearing an external fault originating in the vicinity 
of the transformer. Just before the fault is cleared 
the voltage at the transformer may have fallen to 
0 and immediately afterward will tend to return to 
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normal, thus simulating on a smaller scale the condi- 
tions obtaining at initial magnetization. Experience 
with trouble arising from this cause having been 
meager, the committee does not feel called upon to 
suggest measures for its avoidance. 


A-C Motors 


An analysis of the replies to the questionnaire 
indicates a general agreement on the desirability of 
differential protection for large a-c motors, the 
average minimum rating at which it should be 
applied being 1,750 hp. It was the opinion of the 
committee that motors of 2,000 hp and more, with 
a minimum rating of 2,200 volts, should be provided 
with differential protection. 


Overcurrent Protection. In addition to differential 
protection, temperature relays, either of the replica 
type or operated by embedded coils, are recom- 
mended for protection against excessive or pro- 
longed overloads. Due to loss of cooling by windage 
the latter will represent more accurately the true 
motor temperature under stalled-rotor conditions. 


For motors of less than 2,000-hp rating where 
differential protection is not employed inverse time 
overcurrent and instantaneous overcurrent protec- 
tion is recommended, the instantaneous relay being 
set for currents greater than the stalled-rotor current 
to take care of severe short circuits only. 


Undervoltage Protection. When undervoltage pro- 
tection is used it should have sufficient time delay to 
enable the motor to coast through temporary dips in 
voltage. Undervoltage protection is not recom- 
mended for motors that start on full voltage since 
these will come up to speed automatically when 
normal voltage is resumed. 


Phase-Rotation Protection. Relays to guard against 
reversal of phase-rotation are recommended chiefly 
for use at unattended stations and in elevator service. 


Protection Against Unbalanced Phase Currents. 
Dielectric failure results in unbalanced phase currents 
and negative phase-sequence components. This 
condition may be detected by a relay which is 
actuated either by the unbalanced phase currents 
themselves or by their corresponding negative phase- 
sequence components. When differential protection 
is not possible or practicable these relays frequently 
are used at unattended stations; but it should be 
remembered that phase-balancing action will produce 
unbalanced conditions in sound motors and thus may 
lead to erroneous tripping of circuit breakers on the 
occasion of an external unbalanced fault. 


Bearings. Temperature protection is recom- 
mended for the main bearings of all unattended 
machines. 


Power Station Essential Auxiliary Motors. It is 
important that motors driving essential power station 
auxiliaries not be removed from service except as a 
last resort and then, in the interest of service, their 
isolation should be accomplished as promptly as 
possible. For this reason it is recommended that 
such motors be protected by instantaneous over- 
current relays set for currents considerably greater 
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than the stalled-rotor current. When temperature 
relays are used in connection with these motors they 
should be arranged to sound an alarm only. Phase- 
balance relays or negative phase-sequence relays are 
not recommended for essential motors because of the 
phase-balancing tendency of polyphase motors men- 
tioned in the second preceding paragraph. 

It is not common practise to ground the neutral 
of the supply source for essential motors, but if for 
any reason such a condition exists, ground relays 
advantageously may be added to the protection. 


D-C Morors 


Fuses are considered sufficient protection for small 
d-c motors. For medium and large sizes overcurrent 
and undervoltage protection, usually self-contained 
in the air circuit breaker itself, are recommended. 
Where the machine is very large, and its service 
correspondingly important, additional refinement in 
the form of temperature protection is desirable. 

Bearings. Temperature protection is recom- 
mended for the main bearings of all unattended ma- 
chines. 


SYNCHRONOUS CONVERTERS 


Synchronous converters require protection on both 
the a-c and the d-c sides. On the a-c side inverse- 
time overcurrent protection is recommended to trip 
the oil circuit breaker. In addition, when the d-c 
side is grounded and flashover possible, an instan- 
taneous flashover relay, connected between the ma- 
chine frame and ground, is recommended to discon- 
nect both the a-c and d-c sides. If the possibility of 
flashover exists, and no flashover relay is provided, 
it is recommended that the overcurrent protection on 
the a-c side be instantaneous instead of inverse time. 
For the d-c side instantaneous overcurrent protection 
is recommended, and in addition, when the machines 
are operated in parallel, separate reverse current 
protection should be provided to disconnect the 
converter when power flows toward it from the d-c 
bus. Most synchronous converters are equipped 
with mechanical overspeed devices; these should 
trip the d-c circuit breaker and, if the system is 
subject to runaway speeds, the a-c circuit breaker also. 
Additional information will be found listed in the 
A.I.E.E. STANDARDS No. 26 on Automatic Stations. 

Bearings. Temperature protection is recom- 
mended for the main bearings of all unattended ma- 
chines. 


RECTIFIERS 


Rectifiers are almost universally automatic in their 
operation. It is believed that recommendations for 
their protection are covered adequately by the tabu- 
lation given in A.I].E.E. Sranparps No. 26 on auto- 
matic stations. 


Bus PROTECTION 


Differential. All failures occurring on important 
buses should be promptly isolated. Differential 
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methods which balance all currents entering and 
leaving the bus are recommended for this purpose. 
In such applications it is important that the ratio 
characteristics of the. current transformers in the 
differential circuit should hold substantially within 
the relay setting at the maximum primary currents 
so that incorrect operation cannot occur on external 
faults. With a given core design the higher the 
transformation ratio the more accurate is the ratio 
curve. Desired conditions can be achieved best by 
the use of a single ratio for all current transformers 
taking part in the differential scheme. If it is not 
possible to follow this recommendation and current 
transformers of different ratios are employed, then 
auxiliary current transformers must be used in the 
secondary circuits to equalize the different ratios at 
the balance point. 

It should be noted, however, that when an auxil- 
iary transformer is used to increase the ratio of a 
low-ratio line current transformer, a double handicap 
is placed upon the equipment compared to that 
which would result from the use of a single current 
transformer having the same total ratio. This fol- 
lows because: (1) In the lower-ratio transformer 
ratio-error begins at lower currents; and (2) the 
additional burden imposed by the auxiliary trans- 
former also has the effect of increasing the ratio-error 
in the line current transformer. 

Under certain conditions of power feed restraint 
may be used advantageously in the differential relay. 
In general, however, these conditions do not obtain 
and the effect of restraint if used cannot be predicted 
with any degree of certainty. 

Ground Fault Bus. When the system is grounded 
a ground fault bus may be used, each protective relay 
being operated by a current transformer inserted in 
the common ground connection for its particular bus 
section. If provision be made for the application of 
this method during the station design period, its 
installation does not involve the serious construc- 
tional difficulties that may be encountered in at- 
tempting to introduce it in an existing station. 


GROUNDING EQUIPMENT 


Grounding Resistors and Reactors. It is recom- 
mended that grounding resistors and reactors be 
protected by overcurrent or temperature relays 
which, after a short delay sufficient to allow line 
protection to function, will initiate an alarm to indi- 
cate that a ground fault has not been cleared prop- 
erly. This procedure is designed to give the 
operator an opportunity to carry out a course of 
action already decided upon for such conditions. 

Fortunately the trend toward the use of resistors 
having a 2-min ground fault capacity allows reason- 
able time for disconnecting the source of trouble 
without opening or short-circuiting the resistor. 
Should either of these latter courses become neces- 
sary, however, it would seem preferable from a pro- 
tection standpoint to maintain the system ground 
by short-circuiting the resistor, unless this action 
nullifies the purpose, such as prevention of telephone 
interference, for which the resistor originally was 
installed. 
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Grounding Transformers. Protection for ground- 
ing transformers of either the zig-zag or Y-A type 
should follow substantially along the lines indicated 
for grounding resistors and reactors in so far as the 
effects of sustained external ground faults are con- 
cerned. 

For protection against internal faults 2 forms of 
differential protection may be used. In one of these, 
3 differentially-connected overcurrent relays are 
operated in Y from the A-connected secondaries of 
3 current transformers in the line side of the ground- 
ing transformers. This is equivalent to differential 
protection on an ordinary transformer at times when 
no load is being carried by the secondary, since in the 
grounding transformer the secondary A winding 
carries no external load; it provides protection 
against both turn-to-turn short-circuit and internal 
grounds occurring in the transformer or on the con- 
ductors between the transformer and the current 
transformers. The other method compares the zero 
phase-sequence currents on both sides of the ground- 
ing transformer by means of 3 line current trans- 
formers connected in parallel and balanced against a 
current transformer connected in the neutral. Since 
turn-to-turn faults do not result in zero phase- 
sequence currents this method does not protect 
against such faults but functions on faults to ground 
only. In applying these forms of protection it is 
important that the characteristics of the operating 
current transformers be checked up to maximum 
short-circuit values. 


IMPRESSIONS 


In looking over the preceding recommendations 
one cannot fail to be impressed by the prominent 
place still occupied by the simple overcurrent relay 
in the protection of a wide range of electrical appa- 
ratus. Even where it has been supplanted in the 
first line of defense by more highly selective devices, 
it still is relied upon as a safeguard of last resort. 
Nor is this surprising when it is remembered that in 
any analysis of the destructive effect of dielectric 
rupture, the major damage is brought about by the 
thermal or magnetic effects of high currents. This 
thought tends to strengthen the belief that the per- 
sistence of the overcurrent relay as an important 
protective agent is destined to extend well into the 
future. 

Growing interconnections have brought increasing 
problems to the operating engineer, and his demand 
for the rapid isolation of faults has brought similar 
problems to the relay designer. In recent years the 
trend has been toward the attainment of greater 
operating speeds with increased selectivity. How- 
ever, progress in fields other than that of the relay 
also is to be recorded: Current transformers offering 
uniform characteristics up to exceptionally high 
currents are now on the way, and circuit breakers 
capable of interrupting these currents in a brief 
period of time already have been developed. 

No discussion on protective methods can be com- 
plete without some reference to the primary position 
of the insulation itself. That improvements have 
been effected in apparatus insulation during recent 
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years cannot. be questioned; but there are quite 
obvious economic factors limiting the extension of 
the insulation to a point of absolute dependability 
under any and all conditions. Direct lightning 
strokes still are to be feared and the dangers from 
them cannot be overcome economically by increased 
insulation. Beyond the point at which greater insu- 
lation becomes impracticable the relay always must 
find its place in the protective economy of the elec- 
trical system. 


Safe Harbor- Westport 


930-kv LransmissionLine 


Designed according to the latest ideas con- 
cerning lightning protection, the Safe Har- 
bor-Westport 230-kv line is said to be the 
most heavily insulated so far constructed. 
Ground wire protection has been applied 
according to the latest theory, and special 
effort has been made to reduce tower to 
ground resistances. 


By 
EDWIN HANSSON 


ASSOCIATE A.I.E-E. 


Pennsylvania Water and 
Pwr. Co., Baltimore, Md. 


Re of transmission has 
been a matter of foremost importance in the design and 
construction of the 230-kv line connecting the Safe 
Harbor hydroelectric plant with the Westport steam 
station in Baltimore. This has been so not only 
because a large portion of the ultimate capacity 
(510,000 hp) of the Safe Harbor plant will be avail- 
able for Baltimore, but also because during certain 
periods Baltimore will be dependent primarily upon — 
Safe Harbor power. 

Selection of high operating voltage was made only 
after a thorough investigation of (1) the relative eco- 
nomics and reliability factors involved, (2) the possi- 
bility of future interconnections, and (8) system 
stability. Studies made jointly with engineers of 
the Consolidated Gas, Electric Light and Power 
Company covered a comparison of 2 230-kv circuits 
with 6 110-kv circuits. These studies included also 
investigation of such problems as terminal location, 
2-point versus single-point supply, the use or omission 


Based upon ‘“‘Safe Harbor-Westport 230-Kv Transmission Line’ (No. 32M16) 
presented at the A.I.E.E. Middle Eastern District meeting, Baltimore, Md., 
Oct. 10-13, 1932. 
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of high voltage buses, and amount of synchronous 
condenser capacity required. An a-c calculating 
board was employed to check the results obtained 
by analytical methods. The decision finally was 
made in favor of the higher voltage as offering lower 
cost, greater reliability, and greater possibilities for 
interconnection. 


ROUTING OF LINE 


Voltage regulation on the network in Baltimore, 
and control of short-circuit currents made advisable 
the delivery of power to each side of the city. As 
shown in Fig. 2, the present line circles the city and 
enters from the south; the second line as projected 
will terminate to the east of the city near the site of 
a future steam station. Routes for the 2 lines di- 
verge on leaving the Susquehanna River and are so 
widely separated that the possibility of a lightning 
storm affecting both circuits simultaneously is almost 
non-existent. At present, Westport is the center 
of distribution in Baltimore; therefore, the termina- 
tion of the line at this point called for less additional 
investment in distribution facilities. 

Most of the terrain traversed by the line is rather 


Fig. 1. 


A section of the line showing a type A 
tower in the foreground 


rugged, and about 23 of the 70 miles is wooded. As 
the country is thickly settled, wire and railroad cross- 
ings are frequent. These include 4 66-kv and 12 
railroad crossings, all of which increased the cost of 
wire stringing. The right-of-way is 150 ft wide and 
consists of part easements and part fee simple. 

Actual design and construction of the line were 
preceded of course by the usual preliminary surveys 
and detailed engineering studies. Lightning being 
considered the worst enemy of transmission lines in 
this part of the country, special design features were 
incorporated to minimize troubles from that source; 
these features include increased insulation, 20 10-in. 
suspension units with 5-in. spacing, and ground 
_ wires installed in accordance with the best design in- 
formation available. 

After the approximate location had been deter- 
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mined, and before the actual surveying of the prop- 
erty had begun, the route was photographed from 
the air, and the final route was laid out on a mosaic 
made to a scale of 1,000 ft per in. Later a profile 
was plotted from the United States Geological Survey 
map, from which the average span length and height 
of tower were determined. Final specifications were 
so drawn that the designers were not limited to any 
particular type of tower as designs submitted by 
manufacturers varied greatly in appearance and 
weight. A final selection was made from the various 
designs after a comparison on the basis of towers 
erected in the field. Details of some of the more 
interesting features of the line are given in the para- 
graphs that follow. 


TOWERS 


Originally 3 types of towers were used as a basis 
for design: type A for straight line and angles up 
to 3°; type B for angles from 3° to 15°; and type C 
for angles over 15° and for dead ends. Type A was 
modified to meet railroad specifications, the modified 
form being designated as type E. Later a trans- 
position tower was brought out as type D. 

As shown in Figs. | and 3, the towers are of the 
waist line type. (See ““Load Test Check Tower De- 
signs,” by R. W. Wilbraham, Electrical World, Nov. 
12, 1927.) This design gives the lowest footing re- 
actions and by the use of body extensions permits 
variations in the length of leg with a minimum num- 
ber of pieces. Sags and cable tensions were com- 
puted on the basis of N.E.L.A. heavy loading. In 
determining tower loadings one broken conductor 
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<P Fig. 3. Details 


PLAN 8-8 of type A sus- 


pension tower 


2i-tho" 


GROUND 
LINE 


at a tension of 10,000 lb was assumed for ‘‘A’”’ towers; 
dead end towers were assumed to have 3 broken 
conductors and 2 broken ground wires stressed to the 
elastic limit. All fittings are designed for a vertical 
load corresponding to one inch of ice on the conduc- 
tors. Table I gives allowable stresses for design 
loadings. For test purposes all design loads were 
increased 25 per cent. Weights of the towers are 
shown in Table II. 

Phase separation and length of crossarm were de- 
termined from the clearance diagram shown in Fig. 4. 
The ground wires were located so as to give maximum 
protection against a direct lightning stroke. Origi- 
nally only 2 transpositions were contemplated. A 
third, however, was added at the request of another 
utility company. The original transpositions are 
somewhat unusual in that only 2 conductors are 
transposed at each point. This is sufficient to bal- 
ance the conductors against each other but does not 
balance them against outside exposures; the trans- 
position requested by the other utility was for this 
latter purpose and had to be complete. It was made 
by placing 2 transposition towers consecutively in 
the line. 

For all but dead-end towers concrete foundations 
of the inverted mushroom type are used; these are 
designed for 100 per cent overload. This type of 
foundation can be built as cheaply as the grillage 
type; also it makes possible much closer alinement, 
resulting in a considerable saving in cost of erecting 
towers. Foundations for dead-end towers consist of 
angle iron stubs carried down to the bottom of the 
excavation and set in concrete. The average amount 
of concrete required for line towers is 4 cu yd; for 
dead-end towers 25 cu yd. 


CONDUCTORS AND GROUND WIRES 


Before the final selection was made several types 
and makes of conductors were investigated, and their 
effects on spacing and height of towers studied. 
After comparing the various designs, a 795,000-cir 
mil A.C.S.R. (aluminum cable steel reinforced) con- 
ductor was chosen. The most advantageous com- 
bination of other metals considered would have re- 
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quired towers 5 ft higher than those designed for use 
with the conductor selected, would have been con- 
siderably higher in cost, and did not offer sufficient 
advantage to offset this difference in cost. Physical 
characteristics of conductors and ground wires are 
shown in Table III. 

Conductor and ground wire tensions were held 


low (see Table III) in order to guard against vibra-_ 


tion troubles. In addition, armor rods were pro- 
vided at all suspension clamps. Sags and tensions 
were calculated from actual stress-strain curves as 
determined on tested samples 50 ft in length. Dur- 
ing normal conditions, the sag of the ground wire is 
5 ft less than that of the conductor. When loaded 
with 1/>-in. of ice, these wires will parallel the un- 
loaded conductors. Sags were adjusted without 
prestretching and are somewhat less now than they 
will be after being subjected to an ice load. 

No effort was made to secure any special slip 
features in the suspension clamps as the J-bolts auto- 
matically limit the pressure on the conductor. Ar- 
mor rods are secured by ovoid clamps which do not 
present any points or sharp edges to start corona 
streamers. Compression type clamps are used for 
all dead-ends and splices, the steel and aluminum 
being held separately. Dead-end towers are bridged 
by underslung bolted jumpers. 


INSULATORS 


Insulators at all suspension points are standard 10- 
in. suspension disks with 5-in. spacing. Suspension 
strings consist of 20 units and are doubled at all 
points where the load exceeds 4,500 Ib. Clearances 
are provided for grading rings but none is used at 
the present time. On all dead-end towers double 
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_ strings consisting of 20 10-in. 25,000-Ib strength in- 
‘sulators with 5°/,-in. spacing are used. 


GROUNDING 


Ground wire protection is based upon a tower foot- 
ing resistance of 50 ohms or less. A field check, 
however, showed that footing resistances varied 
from 1 ohm to 400 ohms with an average of 79 ohms; 
only 6 of the 351 towers had footing resistances be- 
low the 50-ohm limit. 

Several different methods for reducing the ground 
resistance were investigated and some of them tested 
in the field. The method finally adopted as being 
most effective employs a 50-ft wire extending out 
radially from each corner of the tower, and buried 
about 20 in. below the surface of the ground. Each 
of these wires terminates in a salt treated grounding 
rod. The average resistance to ground of 4 wires 
and rods is 34 ohms. In a few cases the addition of 
these wires was insufficient to reduce the combined 
resistance to 50 ohms. Adding more wires in such 
cases proved rather disappointing, however, as the 
additional reduction amounted to only 10 or 15 per 
cent. 

In order to determine the comparative effective- 
ness of a longitudinal counterpoise, about 41/, miles 
of */s-in. copperweld wire was buried along a section 
of line. As far as low frequency resistance is con- 
cerned, this proved less effective than 4 radial wires, 
and is more costly. 


SPECIAL FEATURES 


Both the present and the proposed 220-kv lines to 
Baltimore are brought out from the upstream face of 
the power house, across the forebay to a hill on the 
east shore of the river. This hill will be the site of 
a future high-voltage switching station. On top 
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Table II|—Characteristics of Conductors and Ground Wires 
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of the hill the lines swing around to a river crossing 
on the downstream side of the power house. The 
distance across the river at this point is 5,725 ft. 
An island situated in mid-stream is used as a tower 
site and the crossing made in 2 spans of 2,880 and 
2,845 ft, respectively. The hills on either side of the 
river are at el 500 and 450, while bed rock on the 
island is found at el 170. 

High water in the river will reach el 190; hence 
any tower placed on the island must be set above 
this elevation to protect it against water and ice. 
Accordingly, the tower piers have been made heavy 
enough to withstand the maximum load expected 
from ice and water. To avoid building 2 sets of such 
piers, it was decided to place both circuits on one 
tower; this tower is 183 ft high, and has a spread at 
the base of 75 ft and a erossarm 146 ft long. The 
steel structure is carried down to bed rock where it 
is anchored with 24 2-in. bolts sunk 9 ft in the rock. 
The lower 25 ft of the tower legs are encased in con- 
crete. The total weight of the tower is 180,000 Ib. 

Conductors in the crossing are 803,000 cir mils 
A.C.S.R. strung to a tension of 7,500 lb, and the 
ground wires 286,000 cir mils A.C.S.R. strung to a 
tension of 5,650 lb. Maximum tensions are 17,565 
and 13,380 lb, respectively. 

The problem of stringing this crossing presented 
some difficulties. The island was too narrow for a 
“reel set up’’ and therefore the cables had to be pulled 
from the shore to the island. Motive power was 
furnished by an electric power winch. The river 
bed at this point is full of submerged rocks so that 
the cables had to be kept above the water surface 
to guard them against injuries. The tension required 
to keep the cable from sagging down into the water 
however made it extremely difficult to pull the cable 
out. The problem was solved by stringing a °/s-in. 


steel messenger cable and trolleying the conductors 
over on the messenger. : 
The line was built during a period of low material 


(Right) Type D transposition tower 


Fig. 5. 
Fig. 6. (Left) Double circuit river crossing tower 


on island just below the Safe Harbor plant 
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prices and plentiful supply of labor. The right-of- 
way department kept well ahead of construction so 
that work, when once started, proceeded without 
delay. Actual field work began March 1, 1931, and 
the line was turned over to the operating department 
December 4, 1931, 9 months and 4 days after the 
work was initiated. Mechanical equipment kept 
the organization small (150 men maximum) and 
helped to speed up the work. 

Much has been said about the frailty of A.C.S.R. 
and about the precautions needed to protect it 
against damage. The Safe Harbor-Westport line 
was strung without any special safeguards, yet it 
stands completed with only 3 repair sleeves, 2 of 
which could have been left off. In addition to these, 
about 150 ft of cable had to be cut out because of 
damage when a conductor jammed in a roller block 
which had not been closed properly. 


Pulp Insulation 
for Telephone Cables 


After some 40 years of service spirally 
wrapped paper insulation is rapidly being 
displaced for interoffice and subscriber loop 
cables, by a pulp insulation applied di- 
rectly to the conductor by a process which 
brings the paper mill into the cable plant 
and combines the paper making and in- 
sulating operations into one process with 
the elimination of a number of costly inter- 
mediate steps. In addition, this process 
makes possible the use of a less expensive 
material as an insulating medium. 


By 

H. G. WALKER Western Elec. Co., 
NON-MEMBER Inc., Kearny, N. J. 
L. S. FORD Bell Tel. Laboratories, 


ASSOCIATE AI.E.E. Inc., Kearny, N. J. 


I. SULATED wire of a type consider- 
ably cheaper than paper ribbon insulation has been 
developed. The insulation is formed from paper 
pulp directly on the conductor by a special type of 
Based upon ‘Pulp Insulation for Telephone Cables” (No. 32-122) presented at 


the A.I.E.E. Middle Eastern District meeting, Baltimore, Md., October 10-13, 
1932. 
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paper-making equipment. This equipment is not 
critical to the kind of pulp used but for the, purposes — 
of durability, strength, and economy a Kraft wood 
pulp has been used in telephone cables. The process 
has progressed through the development stage and 
is now in continuous operation in the commercial 
production of all the principal exchange area cables 
of 24 and 26 A.W.G. conductors used in the Bell 
system. (Fig. 2.) Thousands of miles of lead- 
encased pulp insulated cables, ranging in size from 
the smallest consisting of 11 pairs to the largest con- 
sisting of 1,818 pairs, are now giving satisfactory 
service and because of the substantial economies 
which the construction promises for the finer wire 
cables, attention is being directed toward its possible 
application to larger gage cable conductors and to 
its use as an insulating medium for other electrical 
circuits. . 
For many years conductors for lead-sheathed 
telephone cables were insulated by helically wound 
strips of paper made from a stock composed of all 
old rope, or old rope and a small admixture of cot-_ 
ton. In an effort to find a suitable less expensive 
fiber, however, a formula composed of about 40 
per cent chemical wood pulp and the remainder rope 
stock was adopted in 1920 for the larger sizes of 
paper only. This wood fiber is of the spruce or other 
coniferous tree species prepared by the sulfate or 
Kraft process. Extensive tests have demonstrated 
that it compares favorably in stability and perma- 
nence with the well-established manila fiber. In the 
case of the newly developed pulp insulated cable, the 
raw material used is 100 per cent Kraft wood fiber. 
Work was initiated in 1921 to determine the 
possibilities of producing a continuous homogeneous 
paper covering directly on the wire. Preliminary 
tests were sufficiently interesting to warrant pro- 


Fig. 1. 


Wire supply and pulp preparation equipment 


ceeding further with the project. A 10-wire ma- 
chine was started up in 1924, with very indifferent 
success, but succeeding developments in technique 
and improvements in equipment resulted in a prod- 
uct so satisfactory that the machine was expanded 
to a 50-wire capacity and put in operation early in 
1928. In 1931, 10 more wires were added. The 
product was cabled into 26 and 24 A.W.G. cables on 
standard cabling equipment with no major difficul- 
ties, and installed in commercial telephone plant by 
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Fig. 2. General view of pulp in- 
sulating equipment. The take-up 
and dryer are shown in the left 
foreground; the polishers and wet 
machine in the right center; and 
the wire supply and pulp prepara- 
tion equipment in the right back- 
ground 


the operating companies. No serious operating 
trouble has developed in any of this cable. 

The pulp insulated wire capacity now at the 
Hawthorne and Kearny plants is approximately 
225,000,000 conductor feet per week and all 24 and 
26 A.W.G. exchange area cables are being manu- 
factured from pulp insulated wire. 


PROCESS OF MANUFACTURE 


The insulating material which is to be placed 
on the wire is given practically the same treatment 
in a beater as it would receive in paper making, but 
without the addition of sizing or loading. The 
beaten pulp is stored in a large tank from which it is 
pumped to a mix box for dilution with water before 
passing to the screen where coarse particles and lumps 
are removed. (Fig. 1.) 

For the next operation a modified paper machine of 
the cylinder type is used. The mixture of pulp and 
water is fed into the cylinder vat by gravity from the 
screen. The cylinder mold itself is divided into 60 
narrow uniform sections by dams or deckles on the 
surface of the wire cloth covering. The bare con- 
ductors coming to the machine are guided so that one 
conductor passes around the mold in each of the sec- 
tions. As the mold is rotated in the water suspension 
of pulp in the vat, a narrow continuous sheet of paper 
with a conductor embedded in it is formed in each 
section by the simple paper making process of 
straining the fibers from the suspension as the water 
flows through the fine wire cloth covering the mold, 
under the slight head maintained outside the mold. 
These sheets are transferred from the mold to a 
woolen felt by the pressure of a couch roll and carried 
by it through 2 presses which take out a considerable 
part of the water and leave the material in shape 
to be turned down to the final form. This is done 


Table I—Approximate Fiber Concentrations 


Step in Manufacture Per Cent Step in Manufacture Per Cent 
Beaten yay ens tiie best ths 3.5-4 Cylinder twats ie aie. arene scr 0.05 
BOTA e eee cay. bat aa its 1.3 Polishers Wises 2 heaters ctutie 28 
SSCKECH cet toda ehithe Uae: ee cndted are 0.07 Completed insulation....... 91 
Finished cable.............100 


= 
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by passing the conductors embedded in the narrow 
sheets through individual polishers which turn the 
wet sheet down into a uniform covering of a size 
determined to a large extent by the amount of pulp 


deposited in the sheet. These polishers are simply 
rapidly rotating heads carrying 3 specially shaped 
blades so arranged that 1 blade deflects the traveling 
wire and sheet from a straight line against the other 
2, with a pressure controlled by the tension on the 
wire. 

The wet cylindrical insulation is then dried to 
about a 9 per cent moisture content by a single pas- 
sage through a horizontal electric furnace 26 ft long, 
the wet end of which is maintained at a temperature 
of about 1,500 deg F and the dry or tempering end at 
something under 800 deg F. The wires are carried 
through the drier by a rotary pulling mechanism 
designed to minimize the crushing or flattening of the 
dried insulation. This device delivers the finished 
product to the take-ups for spooling. The machine 
is operated at about 130 ft per min. 

Considerable amounts of water are used in the 
process, for in this, as in all paper making processes, 
water acts not only as a carrier for the fibers, but it 
forms some sort of a loose chemical or mechanical 
combination with them in the beater and is one of the 
principal factors in determining the final character- 
istics of the material. The approximate fiber con- 
centrations at the various steps of manufacture are 
given in Table I. 

In theory the whole process is remarkably simple, 
but from the practical standpoint many intricate 
problems had to be solved before satisfactory opera- 
tion was possible. Means, for example, had to be 
worked out for shifting from an empty spool of wire 
to a full one without shutdown or break in conductor 
or insulation. Also methods of restringing broken 
wires with the machine in operation had to be 
developed. Continuous 6-day week operation now 
is possible without shutdowns except for the mid- 
week clean-up. The satisfactory working out of 
many other details also was necessary to secure the 
present smoothness of operation. 


PHYSICAL CHARACTERISTICS 


The physical characteristics of pulp insulation, 
some of which are shown in Table II, may be modified 
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somewhat by choice of materials and methods of 
manufacture, but they cannot be controlled entirely. 
The comments which follow cover only the sizes 
which have been run almost exclusively to date, 
namely 24 and 26 A.W.G. wire, but it should be 
noted that wires ranging in size from 19 to 28 A.W.G. 
have been covered successfully. 

The physical characteristics shown in Table II are 
controlled by the beating of the pulp, the amount of 
pulp fed to the machine, the dryness of the sheet in 


Table II—Some Physical Characteristics of Pulp Insulation 


Characteristic Range of Values Obtainable 


Diameter of insulated wire—inches......... 0.030 to 0.050 for 24 A.W.G. 
0.026 to 0.040 for 26 A.W.G. 

Weight of dry pulp—grams per foot. ....... 0.045 to 0.12 for 24 A.W.G. 
0.040 to 0.095 for 26 A.W.G. 

Density—ratio of fiber to total volume...... 35% to 55%—independent of gage 


the polishers, and the speed of drying. The tensile 
strength and flexibility of the insulation can be varied 
through wide limits by different treatments during 
manufacture. The elongation is quite comparable 
to that of ordinary paper and is not susceptible of 
much variation. The insulation is made sufficiently 
strong and flexible to withstand the various opera- 
tions incident to cable fabrication and subsequent 
handling yet not so tough that it cannot be readily re- 
moved from the wire at the point of splicing. 

The surface of the insulation has a rather rough 
blotting paper appearance, though some variation is 
possible by changes in the beating. The cross- 
section is circular with the conductor in the center in 
the ideal case, but because of limitations imposed by 
practical operating considerations there is a tendency 
toward some eccentricity and flattening of the 
insulation. 


DESIGN OF PULP INSULATED CABLES 


Telephone cable circuits are normally subjected to 
only a low dielectric stress; this permits their being 
placed in close proximity to one another. Thus the 
primary requirement of the insulation is that it be 
distributed in a thin layer of uniform application, 
with the wire well centered so that each conductor 
when packed into a cable is completely insulated 
from its neighbors throughout its length. The mean 
radial thickness of the pulp insulation for the 26 
A.W.G. wire is less than 0.01 in., and for 24 A.W.G. 
wire is about 0.011 in. The pulp is prepared and 
applied to the conductor in such a manner that the 
fibers pack together to form a cover with sufficient 
strength and elasticity to withstand the handling the 
insulated wire must receive and yet be as light as 
possible in weight per unit volume in order to obtain 
the best electrical characteristics. 

Pulp insulated wire is structurally more like textile 
insulated wire than air spaced paper ribbon insulated 
wire. The insulation is firm with no appreciable air 
gap between it and the wire, and bundles of wires 
nestle together differently when grouped into a given 
space. Furthermore, it was found that when pairs 
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of conductors were stranded together in the usual 
manner of concentric layers each reversed in direc- 
tion, the unit thus formed was considerably less 
flexible than the standard construction. This is 
apparently caused by the greater frictional resistance 
between layers, thus causing sharp kinks for even 
moderate bends. While this feature is less pro- 
nounced for small cables, it is, of course, objectionable 
and an improvement in the handling qualities is 
effected by stranding several layers in the same di- 
rection rather than employing the single reverse 
layer construction. 

For the large size cable, a design whereby the pairs 
are first grouped into units of 51 or 101, all the pairs 
in these units being stranded in the same direction 
and the units then stranded together into a cable, 
gives a construction which seems to offer the most 


Fig. 3.- Sec- 
tion of 1,818- 
pair 26 A.W. 
G. cable 
showing units 
separated 
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satisfactory arrangement. Thus, for example, al 
1,212-pair cable is made up of 12 units of 101 pairs! 
each, arranged with 4 units in the center and 8 in a 
surrounding layer, and an 1,818-pair cable is laid up 
with 2 units in the center surrounded by 6 units in 
the first layer and 10 units in the second layer. 
short section of 1,818-pair 26 A.W.G. cable with 
the units separated is shown in Fig. 3. One might 
expect these rather large units would not group 
themselves together into a circular shape without 
poor utilization of the space they occupy but it has 
been found that by properly constructing the in- 
dividual units and by suitable arrangement of the 
cable layup, a cross-section is obtained with che 
groups keystoning together nicely and presenting no 
noticeable voids. 

The cable core must also have a certain firmness or 
density to give the best support to the sheath and 
insure satisfactory handling as the cables are being in- 
stalled. With ribbon paper insulation the ratio of 
the amount of insulation to the non-copper space in a 
cable was found to be a fairly good criterion o° the 
firmness required. With the fundamentally different 
physical characteristics of the pulp insulated wire 
this relationship was altered and experimental trials 
were therefore necessary to determine the approxi- 
mate size of pulp insulated wire most suitable for 
the space it was to occupy in cable form. There is 
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some latitude here in the distribution of a given 
amount of fiber but taking into account both the 
mechanical and electrical requirements, the diameter 
for the insulated conductor finally selected as the 
most satisfactory for the series of standard cables 
of 24 A.W.G. was 0.041 in. and for 26 A.W.G., 0.033 
in.; and the aim in manufacture is to produce an 
insulation as uniformly close to these dimensions as 
possible. These diameters are measured by a vol- 
ume displacement method. Short samples, as repre- 
sentative as possible of the wire under consideration, 
are inserted for a given distance into a small bore 
tube of mercury and the displacement noted. The 
gage is calibrated so that mean diameters are read 
directly on the scale. 

The above specific sizes of pulp insulated conduc- 
tors apply only to cables designed for a particular set 
of characteristics. As in the case of ribbon paper 
cables, the amount of insulation for a given gage of 
conductor may be varied within reasonable limits, so 
as to produce cables of other characteristics. 


ELECTRICAL CHARACTERISTICS 


It was reasoned that pulp insulated cables would 
probably be inherently higher in mutual capacitance 
than similar sizes of paper ribbon cables because, 
considering the insulated wire itself, in the case of 
helically applied strip insulation the volume of air 
beneath the paper is about equal to the volume of the 
paper itself, while for pulp insulation there is very 
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PERCENT 


Curve showing improvement in mutual 
capacitance since early 1928 


The percentage is that by which the capacitance of 94 A.W.G. 
pulp insulated cables exceeds that of ribbon insulated cable 


little air space between the insulation and the wire. 
This fundamental difference could be somewhat 
compensated for, however, by the introduction of 
more air into the spaces between the fibers of the pulp 
insulating medium than is found in the paper ribbon 
itself, but it was not expected that it would entirely 
neutralize the effect of lack of air space next to the 
wire. It was appreciated, however, that the aim 
should be to get as low density insulation as possible 
still consistent with obtaining a continuous, flexible, 
and strong covering on the wire and emphasis was 
placed on this phase from the start of the develop- 
ment. In Fig. 4 is shown graphically the progress 
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that has been made in reducing the mutual capaci- 
tance of 24 A.W.G. cable since early in 1928. Al- 
though a substantial improvement has been made in 
lowering the mutual capacitance to within less than 
4 per cent of the corresponding ribbon paper cable, a 
further reduction would have considerable value, 
warranting more effort in that direction. For 26 
A.W.G. cable the excess in capacitance is even less 
than for 24 A.W.G., and furthermore, it is not so ob- 
jectionable from a transmission standpoint as in the 
case of the larger gage. 

The principal factors which have brought about 
this reduction in capacitance are improvements in the 
treatment of the pulp itself, refinements in ma- 
chinery operation to permit the use of a lower density 
covering on the wire, the more rapid drying out of the 
moisture from the pulp resulting in less shrinkage of 
the insulation on the conductors, and the producing 
of more nearly round and better centered insulation. 
Of these factors perhaps the one having the greatest 
effect on lowering the mutual capacitance was that 
of improving the out-of-roundness of the insulated 
conductors. In studying this phase of the problem, 
advantage was taken of the effect of flatness of the 
insulation on the component parts which make up 
the mutual capacitance. The mutual capacitance 
of a pair of wires is composed of the direct capacitance 
between the 2 wires augmented by a series arrange- 
ment of 2 other direct capacitances, one from each 
of the 2 wires to the grounded group consisting of all 
other wires and sheath. As 2 wires with oval shape 
insulation are twisted, there is a decided tendency for 
2 flat sides to stay together resulting in the average 
separation of wire and mate being less than where 
circular sections are involved. To determine ac- 
curately the degree of out-of-roundness representing 
the average condition throughout a length of cable by 
mechanical means is next to impossible, whereas the 
direct capacitance between wire and mate auto- 
matically integrates this condition. Measurements 
therefore are made of the component direct capaci- 


Fig. 5. Curve showing mutual capacitance versus 
direct capacitance to ground divided by direct 
capacitance to mate 


tances and their ratio used as a sensitive indicator 
of the effect of flatness of the insulation on the mutual 
capacitance. By using the ratio of capacitances the 
cable length error is eliminated and accurate deter- 
mination can readily be made on short lengths of 
cable. In Fig. 5 and Table III are given data which 
were obtained on 4 short lengths of pulp insulated 
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cables which so far as was known differed only as 
regards the lack of symmetry of the insulation. 

The a-c mutual conductance follows the trend of 
the capacitance, resulting in the ratio of conductance 
to capacitance at a frequency of 900 cycles per sec 
being somewhat higher than the standard ribbon 
paper cable, but not of a magnitude such as to intro- 
duce any serious transmission loss for these fine 
gage circuits. The d-c insulation resistance is of the 
same order as that of strip paper cables. 

The dielectric strength of the insulation is ample, 
being somewhat higher on the average than that of 
similar strip paper cables. A rather extensive series 
of mechanical tests comparing pulp and ribbon types 
of insulated cable under controlled conditions simu- 
lating those met with in actual installation, showed 
that the pulp insulated cables remained superior to 
the ribbon cables as regards dielectric strength but 
that under extreme loads they would not withstand 
quite as much stretch as the ribbon insulated cable 
without mechanical damage to the insulation. 


INSTALLATION FEATURES 


No new features are involved in installing pulp 
insulated cable except in the splicing of the con- 
ductors after the lengths as supplied from the factory 
have been placed in position in the plant. This 
operation, however, is a considerable factor in the 
total time of the installation procedure because in a not 
unusual run of a mile of an 1,818-pair cable, there may 
be as many as 40,000 joints to be made involving the 
stripping of twice that number of ends of insulated 
wire preparatory to joining the copper conductors. 

Immediately upon removing the lead sheath from 
the ends of the cables thus exposing the dry insulation 
to the atmosphere, absorption of moisture rapidly 
takes place. It is customary therefore to boil out 
the ends of cable with paraffin wax before starting 
the splicing operation. With strip insulation this 
wax also aids in preventing the insulation from un- 


Table Ill—Capacity Measurements Indicating Symmetry 


Direct Capacitance to Ground 


Mutual Capacitance vs. 
ee iets hed Direct Capacitance to Mate 


Average Value in ppf. 


Sample Mutual Du De Dc/Du 
Ibe Abia cs cchtokoe tc PVIS id oOo AKO LRA D creiree DG ZOOL Arantitentesaleys 1.07 
P.O DL OE SOI 25D ire er ctoters estelo Mee eas haan orice QUT Neon a ae 1,42 
ariersyerctale cis sores PER ace tee ee CO L2G erereyer sth eesr sve. ZOOM Jers siayaiaie am 1.66 
Ch ido HOT OOGOA OS PASC A Broo mod LOM: iuyetastercials elleamncedssiemers 2.19 

furling. It was found that even the most flexible 


pulp insulation so far produced, when impregnated 
with unmodified paraffin, would not withstand 
satisfactorily the handling incident to splicing at low 
temperatures. A softer and more lubricating type 
of compound is required and a suitable combination 
has been found by adding paraffin oil to the paraffin 
wax. Different proportions of oil and wax are 
used depending upon the temperature at the time of 
installation, and the compounding is done at the 
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point of splicing. At an atmospheric temperature of 
about 75 deg F no oil is required and below 10 deg F 
about half oil and half wax makes a suitable com- 
pound with proportionate amounts of oil for inter- 
mediate temperatures. In Fig. 6 is shown the 
stripping characteristics of typical pulp insulation on 
a few inches of 24 A.W.G. conductor impregnated 
with compounds of different proportions of paraffin 
wax and oil. 

In starting to make a splice, the insulated con- 
ductors are brought together in proper position, 
given a sharp crossover, the wires cut off so as to give 
several inches of free end, the insulation broken at 
the crossover, and then stripped off the ends. Thus 
the ideal insulation is one which when waxed can 
readily be parted at the crossover and when broken 
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Fig. 6. Curve showing effect of atmospheric tem- 
perature on pull required to strip insulation im- 
pregnated with various wax and oil mixtures 


will slip freely along the wire, yet will withstand 
considerable bending and folding at other places in 
the splice without breaking. Pulp insulation tends 
to cling to the conductor somewhat more than a 
paper tube of strip insulation and although there is 
considerable variation in this characteristic in the 
product as now manufactured, it is sufficiently under 
control so that with a small amount of experience a 
splicer applying his usual technique is able to handle 
even 26 A.W.G. wire with little breaking of the con- 
ductors. There is, of course, with pulp no raveling 
of the insulation and the cotton sleeves which are 
used to insulate the joint, slip over the ends of the 
wires rather more readily than for the spirally applied 
paper. Thus the over-all time required for joining a 
given number of pairs is practically the same for the 
2 types of insulation. 

An unbleached pulp is used and the natural brown- 
ish color of the Kraft stock results in less sharp color 
distinction for the different groupings of pairs than 
where ribbon insulation is used. However, by sim- 
plifying the color code so as to require only red, 
blue, and green, besides the natural color, sufficient 
contrast in the shades is obtained so that there is no 
difficulty in distinguishing colors in the splicing 
operation. 

Preliminary cost figures indicated that this process 
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offered the possibility of a considerable saving over 
the ribbon process. These predictions have been 
verified by actual machine operation extending over a 
period of more than 3 years. The savings are made 
possible by the low cost of Kraft pulp as compared 
with manila paper and by the elimination of the inter- 
mediate paper making, paper slitting, and handling 
operations. 


Dynamic Braking of 
Synchronous Machines 


Accurate and practical formulas for deter- 
mining the number of revolutions and time 
required to stop a synchronous machine by 
dynamic braking are presented in this 
article, thus enabling the prediction of 
dynamic braking performance comparable 
with that of other machine characteristics. 
The method is new to the extent that it 
treats variable speed short circuits. 


By 
C. E. KILBOURNE 


ASSOCIATE A.1.E.E. 


I. A. TERRY 


ASSOCIATE A.IE.E. 


Both of 
General Elec. Co., 
Schenectady, N. Y. 


+ eae of synchronous ma- 
chines frequently must be stopped as quickly as 
possible. The electrical methods of accomplishing 
this are plugging and dynamic braking. Plugging 
consists of reversing the phase rotation of the voltage 
applied to the armature winding. Dynamic braking 
consists of short-circuiting the armature through 
an external resistor and maintaining field excitation. 
Following a comparison of these 2 methods, the 
results of an analytical treatment of dynamic 
braking are given. 

Independent of the type of braking used, the 
stored energy in the rotating system must be con- 
verted into some other form, usually heat. Analyses 
of a number of particular applications of synchronous 
motors to steel and rubber mills, where quick stops 
are necessary, have shown that practically all of the 
stored energy in such systems is in the motor rotor. 
The normal means of dissipation of this energy are 


Full text of ‘“Dynamic Braking of Synchronous Machines’’ (No. 32-67) presented 
at the A.I.E.E. summer convention, Cleveland, Ohio, June 20—24, 1932. 
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the windage, friction, copper and core losses of the 
motor, and the friction of the rolls. Generally, 
unless the rolls are loaded, the amount of energy 
dissipated in them is negligible, being of the same 
order of magnitude as their stored kinetic energy. 
The neglect of both these factors is therefore a com- 
pensating error. The other means of energy dissipa- 
tion are functions of the method used. 

In plugging, the phase rotation of the supply 
voltage is reversed, the performance then being 
similar to that during starting except that the motor 
slip varies from two to one instead of from one to 
zero. At the time the speed becomes zero, the power 
must be removed to prevent a reversal of rotation. 
This method of phase reversal is subject to several 
outstanding objections, the most prominent of 
which are: 

1. Unless the power supply is large, the system disturbance result- 
ing from the switching operations may be very undesirable. 


2. The torque developed for a usual motor is small, thus limiting 
the rate at which the system can be stopped unless a specially 
designed amortisseur winding is used. This special design of 
amortisseur winding, beneficial to stopping, frequently is detri- 
mental to other machine characteristics. 


3. If reversal is. to be prevented, the power supply must be con- 
trolled accurately so that it may be removed at the instant the motor 
reaches zero speed. This introduces complications in the control 
circuits which can be avoided by other stopping methods. 


In dynamic braking the armature is short-circuited 
through an external resistor and field excitation is 
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Fig. 1. A typical application where rapid braking 


is necessary 


maintained. The operation is that of a generator 
short-circuited through an external resistor. The 
theory of such operation from the standpoint of 
constant speed has been treated thoroughly in 
previous publications. The dynamic braking cycle 
differs from these treatments in that as the rotational 
energy of the system is dissipated, the speed of the 
machine decreases. The rate of this dissipation 
depends greatly upon the resistance used, as will be 
shown. 

In order to present a comparison of the 2 methods, 
Table I has been prepared showing the number of 
revolutions made before stopping and the time in 
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seconds required for each of the 2 methods. The 
figures are based on an average 1,000-hp unity- 
power-factor, mill-type motor. They represent cal- 
culated results based on the theory which follows. 


ANALYTICAL RELATIONS 


To determine the relations during the braking cycle 
an expression for the instantaneous armature current 
is obtained from the vector diagram of a suddenly 
short-circuited generator with known speed decrease. 
The instantaneous torque in synchronous kilowatts 
is obtained from the armature current and effective 
circuit resistance. This is equated to the rate of 
change of kinetic energy due to speed reduction. 
There results a differential equation which when 
solved gives the speed-time curve in terms of the 
machine constants. Experience has shown that 
there are 2 satisfactory methods of solving this 
equation. The first, based upon the assumption of 
constant effective excitation, gives an equation for 
the as curve as follows: 


2h 
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where 
t = time in seconds 
H = stored kinetic energy in kw-sec per unit normal kva 
éa’ = excitation behind transient reactance at the instant of 
applying the short circuit 
y = total internal and external armature resistance 
xq’ = direct axis transient reactance 
nm = per unit speed 
X%q = quadrature axis synchronous reactance. 


The number of revolutions made by the machine 
upon reaching a given speed is then obtained by 
changing the variable in the speed-time equation 
and integrating. This is: 
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where 


R_ = total revolutions up to any time 
No = revolutions per minute at synchronous speed. 


The total revolutions made to stop are found by 
placing correct boundary conditions in the above 
equation, and solving. The result is: 
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where 


R, = total revolutions to stop. 


The optimum value of resistance to be used in order 
that the revolutions to stop are a minimum, con- 
sidering all of the machine quantities to remain 
constant, is obtained by differentiating R, with 
respect to r and neglecting the less significant terms. 
This value is: 


Yo = 
0 eo, ! 


The second method of solution is based upon 
variable excitation with an assumption regarding 
the manner of variation. Analysis of a number of 
oscillograms taken during the dynamic braking cycle 
has shown that the field current can be represented 
very closely by a single exponential form, the time 
constant however being shorter than that of the 
field under short-circuited armature conditions. 


Table I—Revolutions and Time to Stop 


Plugging Dynamic braking 
Motor Speed 

r.p.m, Rey. Time (Sec) Rey. Time (Sec) 

1 200 reece LG FOOR 6 osc at L023 cides roansterene D000 anor ses 0.98 

COG Seon eet OND S or cgeten tone tes Le eitctictas eee A SZ cca len sexe 0.95 

BOGE eee DDO ire tecun tigre ake pW oT ae poet a4 DAO Fetes 1.05 

L5On aan ee TSO Bier eqs cos SAS Soak V4 ots ose: 1.24 

Wdseeyerciens dete MOD eee ee 1 I ae ae He foe O85, Fe oces oars 1.56 


Using this assumption there results a relation be- 
tween the machine quantities, speed and time, as 
follows: 
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where 


Ey = volts, field 
r; = field ohmic resistance 


Fig. 2. Dynamic braking cycle of a synchronous motor 


Curve A—60-cycle timing wave 
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Curve B—terminal voltage 


Curve C—armature current Curve D—field current 
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Fig. 3. 


spee 


(Left) Current and speed 
characteristics during the braking 
cycle shown in Fig. 2 
Curve A—per-unit current vs. per-unit 
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per-unit speed 


PER UNIT CURRENT AND SPEED 


eq. 1) 


ey mang unir SPEED 7 5 
A a eae YY ee . Test curves in full lines 
TIME IN SECONDS Calculated curves in 
(See eq 3) 
Iz = field amperes after disconnecting from line 
@ = apparent decrement factor of field decay 
Ij, = amperes field to produce normal open circuit terminal 
voltage on air-gap line 
%q = direct axis synchronous reactance. 


The left hand side of the equation has only time 
functions, and the right hand side has only speed 
functions. Being of transcendental character, no 
explicit solution is available, but the desired result 
may be obtained by plotting the 2 sides of the equa- 
tion and finding the time and corresponding speed 
for which they are equal. 


DISCUSSION OF RESULTS 


The theoretical results are based on the premise 
that saturation may be neglected, but their applica- 
tion to a practical machine must include saturation 
effects in the determination of the initial conditions 
and in the determination of the instantaneous 
excitation. This is evident, because regardless of the 
initial terminal voltage applied, and the initial field 
current, there is some point during the speed decrease 
at which normal flux is reached. As the machine 
passes this point, saturation plays an increasingly 
greater part in the effective excitation. Since this 
excitation enters the determination of the stopping 
revolutions as the square, its accurate calculation is 
imperative. Satisfactory results would not be pos- 
sible in many practical applications if saturation 
were omitted. 

The assumption of constant effective excitation 
will embrace a large majority of applications, in fact 
will be sufficiently accurate for most calculations. 

In the case of a braking cycle being initiated with 
the machine under load, it is interesting to note that 
the revolutions to stop, due to the rate of electrical 
energy dissipation will usually be greater than would 
occur under initial no-load conditions. The presence 
of the shaft load, if it continues, will of course aid in 
the stopping and bring the machine to rest sooner 
than the no-load condition in spite of the fact that 
the rate of electrical energy dissipation is less. 

The effect of corrective power factor is to increase 
the effective excitation and consequently improve 
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where tn is per-unit armature current at 


Curve B—per-unit speed vs. time. 


Test points indicated by small circles 


Fig. 4. (Right) Effect of external 

resistance on stopping revolutions 

Curves A—600-hp, 12-pole, 600-rpm, 
0.8-power factor motor 

Curves B—500-hp, 40-pole, 180-rpm, 
0.8-power factor motor 


(See 


REVOLUTIONS TO STOP 


0.1 0.2 
PER UNIT RESISTANCE A 


broken lines. 0 


0. 4 
_ PER UNIT RESISTANCE B 


the stopping cycle. If, however, the power factor 
necessitates a larger diameter machine than could 
otherwise be used, the increased mechanical energy 
storage may more than offset the gain obtained from 
a greater rate of dissipation. The proper propor- 
tioning of a particular machine depends upon these 2 
factors, and to obtain good results a careful balance 
must be found. 


COMPARISON BETWEEN 
TEST AND CALCULATED RESULTS 


In Fig. 2 is shown an oscillogram of the relations 
during the dynamic braking of a 500-hp, 40-pole, 
180-rpm, 0.8-power factor synchronous motor whose 
constants are: 
eA ge — OD 7 — OO renal 4 pet SO) 


stored energy per kva = 0.493 second 
total per-unit armature resistance = 0.53 


Xd 
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In Fig. 3 is shown a comparison between test and 
calculated current-speed and speed-time curves from 
the oscillogram of Fig. 2. The agreement between 
the curves is quite satisfactory. Fig. 4 shows test 
and calculated revolutions to stop vs. per-unit 
armature resistance on 2 synchronous motors, one 
of which is the one given previously and the other 


is a 600-hp, 12-pole, 600-rpm, 0.8-power factor 
machine whose constants are: 

Ce, = US) an SO ea SS OR) eS Al ay 

Jal = GY In, S Goo 


The general shapes of the test and calculated curves 
are similar although there is a fairly constant dif- 
ference between the curves on the 12-pole motor. 

Of particular interest is the fact that the agreement 
between test and calculated values at the optimum 
resistance is quite good. This is true of the revolu- 
tions to stop as well as the current-speed and speed- 
time curves. As the resistance is increased or 
decreased with respect to the optimum the agreement 
is less satisfactory. The minimum revolutions as. 
determined by the equation for 7, are 2.45 for the 
12-pole motor and 1.22 for the 40-pole motor. The 
test curves give respectively, 2.42 and 1.20. 
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Economic Aspects 
of Water Power 


Among developments of the past decade 
that have enhanced the usefulness of 
hydroelectric power are the present large 
size of electric utility systems, the peaked 
nature of their loads, advances in long 
distance power transmission, and various 
improvements in the design and construc- 
tion of hydroelectric plants. In this article 
the value of water power is analyzed in 
terms of the 2 main components of the 
cost of steam power—capacity and energy. 


By 
F. A. ALLNER Pennsylvania Water and 
MEMBER A.I.E.E. Power Co., Baltimore, Md. 


Dake EHE PAST DECADE, 
waterjpower in all those regions of the North Ameri- 
can Continent where it is employed in conjunction 
with thermal sources of power has undergone a 
gradual but pronounced change in its economic 
relationship to steam power. Two main components 
make up the economic value of water power—capacity 
and energy. The capacity value of hydroelectric 
plants, that is the cost of procuring equivalent ca- 
pacity service by other sources of power, so far has not 
been affected measurably by advances in the art of 
constructing thermal plants; but the energy value or 
the cost of producing energy by other means has 
been reduced greatly in recent years. 

This downward trend in energy value may be 
traced chiefly to 2 causes: improvements in thermal 
economy and the declining price of fuel; and in a 
minor way only to miscellaneous causes such as 
reduction in maintenance cost and operating labor 
due to improvements in design, and concentration of 
large capacity in comparatively few units. There 
is some well warranted expectation that the future 
trend of average fuel prices will be decidedly upward, 
but probably not sufficient to overbalance materially 
the effect of further improvements in thermal 
economy that may be realized in the future. 

Since the total energy output for a given water 
power site is limited by natural conditions of dis- 
charge and head, the gain in energy output due to 
various refinements in the efficiency of energy con- 
version is necessarily only of minor importance. 


Full text of the first part of a paper ‘‘Economic Aspects of Water Power’”’ 
(No. 32-128) presented at the A.I.E.E. Middle Eastern District meeting, 
Baltimore, Md., Oct. 10-13, 1932. 
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It is evident, therefore, that the most fruitful field | 
of endeavor for enhancing the economic value of 
water power will lie in the direction of (1) reducing 
the investment cost per kilowatt to a point where the 
carrying charges will compare favorably with equiva- 
lent cost of steam power; and (2) increasing the 
total amount of economically installed capacity 
beyond the formerly accepted limits and coordinating 
the operation of the combined sources so that such 
additional economic hydroelectric capacity can be 
utilized to render firm peak service to the power 
supply system of which it is a part. 

The purpose of this article is to review briefly the 
parallel developments in the economics of water 
power in respect to these 2 main components, energy 
and capacity, and to give an outline of future possi- 
bilities for enhancing the economic value of water 
power. 


Factors CONTROLLING CHOICE OF HyDRO OR STEAM 


Few electric systems in this country are supplied 
wholly by hydroelectric generation, chiefly because 
it has been economically advisable and often neces- 
sary to provide, by means of steam plants located 
near load centers, reserve generating capacity for 
use during periods of low water flow. There is no 
generally accepted ratio of hydroelectric to steam 
capacity for best economic results; the optimum 
proportion for any system is determined by the 
relative investment cost, fuel costs of steam energy, 
and characteristics of system load and water supply. 

Fundamentally, the benefit derived from the 2 
sources of supply comes from combining the low 
operating energy cost of water power with the 
low unit investment cost of steam; while the total 
investment to carry the system peak may be larger 
in a combined system than with steam alone, the 
excess investment is more than compensated by the 


Fig. 1. 
droelectric plant on the Susquehanna River, a large 
low-head run-of-river pondage plant 


Generator room of the Safe Harbor hy- 


Each of the 36,000-kva generators is driven by an auto- 
matically adjustable blade Kaplan turbine 
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low cost of energy derived from water power. The 
2 sources of power should be regarded as supplement- 
ing rather than competing with each other. Quick- 
starting characteristics of hydroelectric units, 
namely, the ability to start them from standstill 
and synchronize them with the load in a small 
fraction of the time required for steam units, pro- 
vides a high degree of standby readiness for emergen- 
cies. Hydroelectric units, especially of the low head 
type having short water passages, are well adapted 
to maintain system frequency. Water storage can 
be drawn upon to relieve the steam plants of the 
task of ironing out discrepancies in the forecasting of 
system load demands, to save banking extra boilers 
and generation by less efficient units, and to facilitate 
the advance scheduling of equipment for generation 
as well as for withdrawal from service for inspection 
and maintenance. Hydroelectric generators also 
are adapted to no-load operation as synchronous con- 
densers for voltage regulation or power factor correc- 
tion without consuming much energy or requiring 
elaborate precautions against overheating or rub- 
bing as in steam units. 


FirM HYDROELECTRIC CAPACITY 


The best method of operating a combined water 
power and steam system is generally to schedule the 
hydroelectric plants for maximum efficiency in 
periods of deficient water, and for maximum energy 
output in periods of plentiful water. Operation is 
simplified where water storage is available during 
low flow periods, hydroelectric capacity then can be 
held ready for instant use in case of emergency at 
associated steam plants. Water power always sup- 
plies a belt on the system load curve according to 
water availability such that the largest possible 
hydroelectric capacity is utilized; associated steam 
plants thus are operated at improved load factors in 
periods of deficient water. 

That portion of the hydroelectric capacity which 
under certain assumed conditions (generally coin- 
cidence of highest system load demands with mini- 
mum flow) controlling the capacity investment for 
the system as a whole, will render the same capacity 
service in the upper portion of the system load curve 
that an alternative steam plant might perform, is 
called firm hydroelectric capacity. With large storage 
and favorable load conditions, the firm capacity of 
the first hydroelectric plant connected to a load 
system may be many times the minimum 24-hr power 
available. However, the minimum flow energy for a 
second hydroelectric plant feeding into the same 
load system will yield a relatively smaller firm 
capacity than the energy from the first plant, that is, 
the increment gain in firm hydroelectric capacity per 
unit of hydroelectric energy will decrease with an 
increase in the total amount of hydroelectric energy 
available. 


RECENT DEVELOPMENTS FAVORING WATER POWER 
Certain factors of increasing advantage to hydro- 


electric development have made possible, and hold 
promise for still greater usefulness of, numerous 
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hydroelectric projects that would not have been 
considered economically feasible during preceding 
years, notwithstanding the higher unit value of 
energy in those years. Among these factors is the 
present large size of electric utility systems in conse- 
quence of natural growth as well as of the intercon- 
nection of contiguous load areas. Almost without 
exception, new large scale hydroelectric develop- 
ments are made by electric systems that supply either 
metropolitan load centers or a group of systems 
covering a regional territory. 


Fig. 2. Fifteen Mile Falls plant on the Connecti- 
cut River, a typical low-head storage plant 


Shape of the peak of electric system loads is favor- 
able for utilizing a large installed capacity in hydro- 
electric plant under minimum water conditions, 
which allows a large capacity value to be allotted 
to water power. Especially in the region along the 
Atlantic seaboard the sharp peaks of the various 
metropolitan load centers, although seasonal and of 
short duration, may occur simultaneously at the 
same hour and on the same day. This lack of as- 
sured diversity in load demand of interconnected 
systems, while unfavorable from the point of view of 
over-all power cost, gives storage-equipped hydro- 
electric plants an opportunity to utilize a greater 
portion of their installed capacities for firm peak 
service on the combined system. 

Another feature of large utility system loads has 
been the annual increase in peak, which has been of 
such an amount that within a comparatively short 
time the entire capacity of new hydroelectric develop- 
ments has become usable on the peak. At the same 
time the minimum system load is sufficient to absorb 
a large hydroelectric output when water is plentiful 
in run-of-river plants. Plants that can be developed 
beyond the continuous flow capacity at a low in- 
cremental cost can produce a great deal of low cost 
secondary energy. 

Advances in the art of power transmission have 
made it possible to transmit large capacities over long 
distances at reasonable cost, with good voltage regu- 
lation and with low energy losses. In some in- 
stances step-up switching stations at the hydroelec- 
tric plants and step-down terminal stations of trans- 
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mission lines can be developed advantageously as in- 
tegral parts of interconnection projects; thus large 
power systems that formerly functioned as separate 
units are tied together into a regional power system 
extending over a large area. In this manner a dual 
function is performed by the transmission and tie-in 
investment, especially on systems where 230 kv 
has been adopted as the standard transmission 
voltage. The high degree of service reliability of 
all types of equipment at this voltage has encouraged 
designing engineers to simplify their system layouts 
and to rely more on higher mechanical and electrical 
factors of safety in equipment than on a multiplicity 
of lines and reserve apparatus; this has a tendency to 
reduce investment cost or increase the service value 
of hydroelectric projects. Most recent operating 
experience with high voltage transmission lines 
embodying some advanced features of design, has 
been so satisfactory, that lightning proof operation of 
transmission lines is within the range of possibility 
at a not too distant future. 

At the hydroelectric plant proper, several factors 
have contributed toward lowering the investment 
cost, aside from the lower price levels of structures 
and machinery. With construction plants laid out 
for low handling cost and rapid progress, and with 
careful engineering work applied to temporary struc- 
tures, flood control, etc., the period of construction 
has been shortened; substantial amounts thereby are 
saved that formerly were expended on interest and 
other carrying charges during construction. Econo- 
mies in the cost of financing are made possible by 
the sponsoring or underwriting of major enter- 
prises through existing large utility systems, and 
few projects are undertaken now for which the 
market has not been secured in advance at least to the 
extent necessary to insure the interest on bonded 
indebtedness with a sizable margin of earnings. 

It is possible now to get more capacity out of a 
given structural space, not only because of the in- 
creased size of units, but also because of the higher 
specific speed of turbine runners and improved design 
of water passages. Higher speed and improved 
design of machinery have lowered the cost of main 
turbine and generator equipment. Auxiliary ap- 
paratus has been simplified and its cost decreased. 
No appreciable improvement in best efficiency of 
runners has been recorded during the past decade, 
at the beginning of which peak efficiencies in excess 
of 90 per cent already had been reached; however, 
with the advent of the adjustable blade Kaplan 
turbine high efficiency can be secured in low head 
plants over a much wider range of loading, and the 
over-all efficiency of energy conversion for the plant 
as a whole can be raised noticeably over that of 
earlier installations. Testing of models no longer is 
confined to runners and draft tubes, to observations 
of efficiency and output, and to studies of the cavita- 
tion problem; but extends to every phase of the proj- 
ect from headwater down to the lower end of the 
tailrace channel. As a result of model tests, more 
economic designs of spillways, pier and apron sec- 
tions, flood gates, etc., have been developed. Effec- 
tive steps have been taken at the newer plants to 
guard against service interference by trash and ice. 
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PUMPED STORAGE PLANTS 


Pumped storage plants involving specially con- 
structed high or low level storage reservoirs do not 
play so important a part in the power supply scheme ~ 
of large systems in the United States as they do in 
Europe. Several such projects are under discussion, 
but only one major installation, a plant built in 1928 
on the Rocky River, a small tributary of the Housa- 
tonic River in New England, is actually in service. 
The plant pumps from the Housatonic River to a 
reservoir of 68,000 cfs-days usable capacity on the 
Rocky River. The average yearly runoff of the 
Rocky River is 17,000 cfs-days. 

While pumping is done mainly by off-peak steam 
power, the Rocky River plant provides in addition 
seasonal storage service to other plants located be- 
low on the Housatonic River. Installation of the 
24,000-kw generating unit in the Rocky River plant 
and the pumped storage reservoir actually added 
40,000 kw of yearly firm capacity to the electric system 
served by the plant. The efficiency of direct re- 
covery by the Rocky River plant alone is approxi- 
mately 60 per cent, but on account of the lower plants 
the over-all conversion economy derived from all 
plants is raised to nearly 80 per cent. 


DUAL USE Capacity INSTALLATIONS 


This novel type of development is related func- 
tionally to pumped storage plants, being based upon 
the principle of converting low cost off-peak energy 
into high value peak capacity and energy. It em- 
ploys the same unit as a turbine-generator and a 
motor-pump set, without, however, requiring a 
specially constructed high or low level storage reser- 
voir, conduits or hydraulic control equipment. It is 
especially adapted to those plants where the incre- 
ment cost of generating and transmitting capacity 
is lower than that of equivalent steam capacity and 
where a substantial overlapping of heads can be 
arranged readily. Runoff characteristics should be 
such that, depending on the efficiency of the con- 
version cycle, the duration of the low flow stage, 
during which conversion of off-peak energy into peak 
energy takes place, is not too great compared with 
the duration of the excess flow period, during which 
the dual use equipment produces energy for the 
system. These conditions are somewhat inter- 
related: In some instances a large saving in invest- 
ment cost may more than compensate for the extra 
cost of energy in conversion losses during low flow 
exceeding the gain in output during high flow, not- 
withstanding the fact that on such a project the low 
flow days may outnumber greatly the high flow days. 

Operating the generator in reverse direction as a 
motor offers no serious difficulties. However, the 
design of different types of turbines and hydraulic 
structures for dual use at synchronous speed and 
the possibilities of variable speed electrical and 
hydraulic equipment have yet been developed not 
to such a degree that this simplified regenerative 
cycle can be adapted readily to those water power 
projects where natural conditions of the power site 
are favorable. 
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A great deal has been published in the technical 
literature, especially in Europe, on the principles and 
applications of pumped storage predicated in each 
instance on the employment of 2 separate hydraulic 
motors, one for generation and the other for pump- 
ing, and in nearly all cases also on the use of a 
specially constructed high or low level reservoir. 
Employing a single hydraulic motor for dual use 
omitting specially constructed reservoirs introduce 
substantial economies in capital investment, but 
involve a sacrifice in conversion efficiency. 

Perhaps in the search for optimum efficiency, we 
are inclined at times to throw aside as unworthy of 
further study, the suggestion that a process ad- 
mittedly inferior from a point of view of efficiency 
may yet be superior from the point of view of over-all 
economy. The simplified method: of hydroelectric 
regeneration has not been treated so far in the techni- 
cal literature. As a proper evaluation of the pos- 
sibilities of this process is of some importance on 
account of its effect on the economics of future hydro- 
electric developments, the principles underlying 
this method as well as some empirical results from 
laboratory and field tests will be described in greater 
detail in a later article including an analysis of those 
factors that will limit its field of application. 


ANALYSIS OF HYDROELECTRIC POWER COSTS 


Cost of hydroelectric power may be regarded as 
consisting of 4 main components, namely: 


1. Base cost of the development, which is more or less 
independent of the amount of installed generating 
capacity. 


2. Cost of generating capacity, including low voltage 
switching equipment. 
3. Transmission investment, including step-up trans- 


formers and other high voltage equipment at the power 
house. 


4. Tie-in investment, such as step-down transformer 
and switching stations, underground cables, and other 
special equipment necessary for delivering hydroelectric 
power to a distribution system or to a high voltage 
network. 


Until quite recently it had been cus- 
tomary to group the first two components 
into the single item—cost of power plant. 
This practise usually was adequate for the 
purpose when investigating the economics 
of existing plants. However, segregation 


Fig. 3. Rocky River plant of the Connecticut 

Light & Power Company at the junction of the 

Rocky and Housatonic rivers near New Milford, 

Conn., the only major pumped storage plant in 
the United States 


The plant is situated on the Housatonic River, being con- 
nected to the storage reservoir on the Rocky River by a 
single penstock which serves both the 30,000-kva tur- 
bine-generator unit and 2 8,100-hp pumps; provision is 
made for a second penstock at the Y-connection just 
beyond the surge tank. What appears as a black line 
just above the dam is a boom to protect the dam from wave 
action. The circular tower at the left end of the dam 
contains the trash racks and intake gate to the penstock. 
For a description of the development see A.|.E.E. Trans., 
v. 47, 1928, p. 1,100-07 
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into the 2 components, base cost and increment cost, 
is almost indispensable during the preliminary or 
project stage of a new development in order to deter- 
mine the most economic size of the initial and ulti- 
mate installation and the part that it should play 
in the power supply scheme of a territory. The 
fact that such a differentiation exists, that the 2 
components can be segregated readily and that their 
relative magnitudes as well as their values per unit 
capacity furnish a yardstick for comparing one proj- 
ect with another, is one of the characteristic eco- 
nomic features of hydroelectric plants as distin- 
guished from steam plants; in the latter the first 
component, base cost, ceases to be an important 
factor after more than one generating unit is in- 
stalled. 

Cost of dam, property, flowage rights, construction 
equipment and temporary structures, relocation of 
bridges, highways, railroads, general site improve- 
ments, a certain minimum of tailrace excavation, 
auxiliary station equipment, all of which to some ex- 
tent are independent of the amount of capacity 
installed, constitute the base cost. For many 
reasons this cost for almost identical hydraulic condi- 
tions of head, average discharge, and length of back- 
water, may show variations of several hundred per 
cent. 

The second component comprises the cost of 
generating equipment, hydraulic as well as electrical, 
power house substructure and superstructure, low 
voltage switching and auxiliary equipment, intakes, 
control equipment, increment tailrace excavation, 
and related equipment. It sometimes is called the 


incremental cost of hydroelectric capacity. For 
similar hydraulic conditions this second component, 
expressed in dollars per kilowatt, is almost constant 
except for major fluctuations in price levels and for 
differences in accessibility of the power site. Even 
over a wide range of hydraulic conditions it rarely 
will deviate more than 25 per cent from the average, 
which is approximately $60 per kw. 

Considering the approximate constancy of incre- 
mental cost and the great variation of base cost, a 
full answer to the question whether a hydroelectric 
plant is a high or low cost development, cannot be 
given unless total power plant costs are segregated 
into these 2 components. For purposes of illustra- 
tion, the values used in Figs. 4 and 5 have been se- 
lected as representative averages for a low-head 
pondage-equipped run-of-river plant, located on 
the eastern slope of the Appalachian range. 

During the project stage, when only estimated 
and not actual cost figures are available, this ap- 
proximate division of cost may be obtained by 
plotting against kilowatts of installed capacity as 
abscissa the estimated cost for the minimum capacity 
(C min) aS well as for the maximum capacity(C max) 
under consideration. The point of intersection of 
a straight line, drawn through these 2 points, with 
the axis of cost will give the approximate value of 
the base cost component. As certain structural 
provisions usually must be made initially to permit 
expansion to a larger ultimate capacity the actual 
cost of the minimum capacity installation (C min) 
will be somewhat higher than the estimated cost of 
minimum capacity exclusive of these provisions for 
future expansion. 
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Fig. 4. Analysis of the cost of a hydroelectric project 


The vertical scale in Fig. 4, representing capital 
cost, can be converted readily into a proportionate 
scale of annual charges, for the sum total of interest 
charges, taxes, depreciation, operation, mainte- 
nance, and other expenses, is approximately propor- 
tionate to investment. In Fig. 4 the over-all rate 
has been assumed at 10 per cent, based upon an 
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average return of approximately 7 per cent on invest- 
ment. Depending on the method of financing, this 
over-all rate may be reduced somewhat especially 
during the initial years. 

The sum of the first 2 components represents the 
cost of the power plant proper, controlled largely 
by the hydraulic characteristics of head and dis- 
charge and by local conditions at the power house 
site and along the shores of the pond or reservoir. 
The other 2 components of cost, transmission and 
tie-in investments, are controlled by the geo- 
graphic location of the plant in respect to its po- 
tential market, and by the opportunities of effect- 
ing a physical tie-in to existing lines or distribution 
networks at a minimum cost. Although bearing 
hardly any relation to plant costs, yet these 2 com- 
ponents must be fully considered as cost elements for 
hydroelectric power. It is not infrequent that a 
low cost and in every other way seemingly ideal 
project is uneconomic by reason of excessive trans- 
mission and tie-in cost. Conversely, certain other 
projects may be favored by short transmission dis- 
tances to load centers, nearness of existing high 
voltage lines, and advantageous location of step- 
down stations in respect to city distribution systems. 

In some special cases these 2 components of costs 
may become a credit rather than a charge. If, for 
example, a large power consuming industry is so 
close to the power site that it can be served eco- 
nomically at generating bus voltage, there will be a 
saving in transmission cost compared with supply- 
ing power to that industry from a more distant 
source; or if nearby railroad lines are electrified, 
there may be a distinct saving in tie-in expense not 
only because of the nearness of the electrified tracks, 
but also because where the railway operates from a 
25-cycle single-phase system, lower speed single- 
phase generators can be used instead of the custom- 
ary frequency converting equipment required in 
connection with 60-cycle steam power. These cases 
are exceptional rather than average; as a rule, the 
combined cost of transmission and tie-in investment 


will appear as a charge rather than a credit for 


hydroelectric power. Especially where long dis- 
tances are involved, such as Boulder Dam or the 
St. Lawrence development, the cost of these 2 com- 
ponents may be equal to or exceed the increment cost 
per kilowatt of installed hydroelectric capacity. 
Development of 230-kv transmission has a tendency, 
where large amounts of power are involved, to reduce 
the transmission cost for a given distance, but to 
increase slightly the tie-in cost. 


As extensions are made at the hydroelectric plant: 


the cost of transmission will increase in sharp steps 
corresponding to the building of additional trans- 
mission lines, but the tie-in costs usually will grow 
at a gradual rate, corresponding to the step-by-step 
installation of additional underground cables and 
other tie-in equipment to keep pace with the increase 
in hydroelectric capacity. Annual charges for trans- 
mission and tie-in facilities will bear again a propor- 
tionate relation to the investment, but at a some- 
what higher rate (12 to 15 per cent) than that used 
for the annual charges of the plant proper. 

While it may appear academic to combine at an 
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Fig.5. Analysis of the value of a hydroelectric project 


early stage of the project the estimated cost of the 
plant proper with the cost of transmission and tie-in 
facilities which are indirectly dependent upon 
marketing the power, yet a tentative forecast of 
these cost components is indispensable to a pre- 
liminary investigation of the economic justification 
of a project. Instead of adding these 2 components 
to the other costs of hydroelectric power, they could 
be subtracted from the composite value of the power, 
which is analyzed in the paragraphs that follow. 
This latter method, however, would not give as 
clear and convenient a graphic picture of the rela- 
tionship of over-all cost and value. 


VALUE OF HYDROELECTRIC POWER 


The generally accepted yardstick for evaluating 
hydroelectric power is the replacement cost of its 
2 main components, capacity and energy, by the 
cheapest alternative source of supply—steam. Hy- 
droelectric projects that have only a single potential 
market for their output, are more readily analyzed 
than those projects that have several possible outlets 
for power and the operation of which can be so co- 
ordinated with the operation of several steam plants 
that hydroelectric power renders the relatively most 
useful, and therefore the most valuable, service to the 
combined system. 

Aside from the replacement value of water power 
as measured by the steam yardstick, a hydroelectric 
plant, by proper coordination of power house dis- 
charge, may add materially to the energy and ca- 
pacity output of any plants located farther down- 
stream. There are also several other collateral or 
contingent advantages of hydroelectric power which 
would be.difficult to express in definite figures. Some 
of these features have been referred to in previous 
sections of this article dealing with the choice of 
water power or steam as a source of supply. For 
the purpose of this approximate analysis, however, 
all of these collateral features are omitted and evalua- 
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tion of water power is confined to the 2 main com- 
ponents, capacity and energy. 

It is evident that there can be credited toward the 
cost of hydroelectric capacity only an amount equal 
to the cost of equivalent steam capacity that would 
render a corresponding amount of firm peak service 
on a given system load, and that otherwise would 
have to be provided in the form of steam invest- 
ment in order to insure adequate reserve capacity 
for the system. Strictly speaking, this definition 
would limit in the initial year the capacity value of a 
hydroelectric plant of any type to the annual increase 
in connected system load, or at the most, to the 
capacity of a single steam unit if the latter is larger 
than the anticipated increase in system load. This 
rather narrow definition gradually is giving way to 
the long range point of view, taking into account the 
average capacity value rendered over an extended 
period. 

For a given amount of minimum flow energy, the 
amount of hydroelectric capacity that can render 
firm peak service to a system will increase gradually 
with the growth of system load, provided the load 
curve at least in its upper portion retains approxi- 
mately the same shape. If additional load areas 
that previously supplied all of their requirements by 
steam can be tied in to a new hydroelectric plant the 
firm peak service rendered to the combined system 
will be increased materially. This is true provided, 
of course, that these new loads are similar in char- 
acter to those originally served by the plant. 

Capacity value per kilowatt comprises, in addition 
to the fixed charges—interest, depreciation, taxes, 
insurance, and some general expense—those items of 
steam plant operating costs that are more or less 
independent of the amount of power generated. 
This combined value varies somewhat in different 
localities. Aside from differences in price levels, it 
probably is more affected by the size of individual 
steam units than by any other single factor. Under 
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electric project 


on 


851 


present conditions its lowest value is perhaps in the 
neighborhood of $10 per kw but in some instances ex- 
ceeds $18 per kw for modern medium sized stations; 
the average is in the neighborhood of $13 which is 
the value used in Fig. 5. 

The energy value per kwhr comprises, in addition 
to the cost of fuel and maintenance, only some minor 
items of operating supplies and labor. Depending 
mainly upon the price of fuel in the territory, upon 
the heat cycle of the station, and upon the relative 
size of boiler and turbine units, the energy value 
under present conditions may be assumed to vary 
(except for mine-mouth plants) from a minimum 
of around 2 mills per kwhr, or slightly less, to a maxi- 
mum of around 3 mills, the average being perhaps 2.5 
mills for unit capacities of 50,000 kw and higher. 
This latter value has been used for computing the 
total energy value of the hydroelectric project 
analyzed in Figs. 4 and 5, assuming full utilization of 
the water power available. 

In order to approximate the effect of transmission 
losses, of capacity reductions by flood stage, draw- 
down of pond, etc., certain reductions have been 


Metal Deposition in 
Electric Arc Welding 


Experimental work here reported indicates 
that liquid globules are the chief form of 
metal transfer in electric arc welding. A 
new method of high speed ‘‘recording”’ 
produces a metal record which can be 
compared directly with a corresponding 


oscillogram. 
By 
GILBERT E: DOAN Lehigh University, 
NON-MEMBER Bethlehem, Pa. 
J: MURRAY WEED General Elec, Co., 
MEMBER A.I.E.E. Schenectady, N. Y. 


Miers: TRANSFER is one of the 
most important functions of the electric welding arc. 
Whether the metal deposited passes through the arc 
as vapor, as mist, or as globules larger than mist, long 
has been under discussion; as also has been the na- 
ture of the driving force of transfer, particularly in 
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applied to energy as well as to capacity. For less 
than full utilization of either installed capacity or 
available water power, the combined curve will 


drop below the values indicated, the amount of | 


which reduction can be determined readily as a pro- 
portionate reduction of the respective component 
parts. 

Composite curves of hydroelectric costs and values 
have been replotted in Fig. 6 to bring out more 
clearly certain trends frequently observed in connec- 
tion with major hydroelectric projects serving a 
large interconnected load system supplied by water 
power and steam. During the initial years of 
operation, water power will compare less favorably 
with steam than during later years. However, 
a reasonable expectation is that a hydroelectric 
plant which has low incremental cost and not un- 


duly high cost of transmission and tie-in facilities | 


in the long run will yield a substantial margin of 
savings below the cost of steam. 
will be several collateral advantages to its credit, 
which have been omitted in this graphic presenta- 
tion. 


overhead welding where the counteracting force of 
gravity must be overcome. 

Some students of this phenomenon have thought 
that the larger part of the metal is transferred as 
vapor generated at the tip of the wire electrode and 
condensed in the crater formed on the object welded. 
Others, pointing out the large amount of energy 
required to vaporize the metal at the tip of the elec- 
trode, have reached the conclusion that the principal 
transfer must occur as mist or globules of molten 
metal. Some have attributed the driving force to 
the evolution, within the melting tip of the electrode, 
of gas which results in a succession of tiny explosions 
discharges particles of the metal. Still others have 
explained the transfer as resulting from the forces of 
adhesion and surface tension between the molten 
metal on the electrode tip and that in the crater 
when the 2 liquids touch each other. 

Another theory recently revived cites the ‘“‘pinch 
effect’’ as accounting for the force necessary to 
separate the globules from the electrodes. (This 
subject is reported at length by F. Creedy and, with 
discussions thereon, recorded, on p. 556-66 of the 
A.I.E.E. TRANS., June 1932.—Ed.) Finally, this 
last theory has been supplemented by discussion 
which suggests that the globule is propelled from the 
electrode by the forces resulting from the tremendous 
current density existing in the neck or filament of 
metal formed just as the globule is being separated 
from the electrode. 

Other experimenters have found that whereas they 
were able to do overhead welding with ordinary steel 
wire, they were unable to do it with a wire of pure 
iron free from gas. This would seem to indicate that 
the combined action of “pinch effect’? and surface 
tension, or “pinch effect’? and vaporization of the 
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In addition, there © 


pinched part of the conductor, is insufficient to trans- 
fer the metal against the force of gravitation without 
the help of the expulsive action of gas contained 
within the melting tip of the electrode. 

All these experiments and theories emphasize the 
importance of the mechanism of metal transfer, and 
reveal the incomplete state of knowledge of its 
nature. 

A partly successful attempt to record by high 
speed continuous photography the forms in which 
‘metal is transferred through the arc has shown that 
some metal is transferred as globules and some as 
threads. Instantaneous conditions revealed are 
shown in Figs. 1 and 2. This method, of course, 
would not show the metal which might be transferred 
as mist or as vapor. 


A New METHOD oF STuDY DISCLOSED 


In the welding laboratory of Lehigh University 
has been developed a new and direct method of in- 
vestigating this subject of metal transfer, a method 
which records all of the possible forms in which metal 
is transferred through the arc. The principal fea- 
ture of the method involves the moving of a highly 
polished metallic strip under the arc at a speed suf- 
ficiently high to enable each successive deposit of 
metal to be made on the strip distinctly separated 
from the others. The metal strip, or metallic mirror, 
thus gives a continuous and chronological record of 
the character of the deposit, and each form retains 
its identity and is easily recognized, whereas in ordi- 
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Fig. 1. Instantaneous conditions in the transfer of 
metal by means of the electric arc; above, thread 
shaped transfer; below, mushroom shaped globules 
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nary welding the 
globules, mist, and 
vapor merge in the 
molten crater and , 
lose their identity 
at once. 

In the Lehigh ex- 
periment a polished 
strip of mild steel 
4 x 36 x 1/,-in. in di- 
mensions was run 
through an auto- 
matic welding ma- 
chine at a rate of 
speed in excess of 
100) Sins pers. iin, 
using a °/39-in. mild 
steel wire, a current 
of 150 amp, and 
somewhat more than 
20 volts across the 
ate Pe enerey, 
was supplied from 
astandard arc weld-_ falls 
ing motor generator 
set. Results as 
shown in Fig. 3, 
where it may be 
noted that the flat- 
tened globules rang- 
ing between 1/1, and 
3/16 in. in diameter 
at the base, clearly 
are shown to form 
the major portion of 
the deposit. Many 
of these show a gas cavity caused by the escape of dis- 
solved gas as solidification took place. Under the con- 
ditions of this experiment, any vapor was oxidized be- 
fore deposition and appeared on the strip as a red 
powder. The particles of spray also were oxidized, 
although probably only to Fe;0,4, as a result in the 
decrease of surface-to-volume ratio in the larger 
spheres. To condense these two forms of deposition 
unoxidized the air about the arc would have to be 
replaced by an inert gas such as argon. Examination 
indicates that, in this case, the amount of material 
deposited in these forms was considerably less than 
10 per cent of the total deposit, and that the chief 
form of transfer was as liquid globules. 

Conditions involved in this test differ, of course, in 
some respects from those of ordinary welding. For 
instance, the heating of the strip under the rapidly 
advancing arc is insufficient to cause crater forma- 
tion. Surface fusion does take place, however, be- 
neath each globule, even at this speed, as examina- 
tion shows the globules are tightly welded to the 
plate and resist removal by the chisel. Therefore, 
the temperature of the strip under the arc has been 
at least 1,500 deg C (the melting point of steel). A 
temperature considerably higher than this (probably 
2,450 deg C, the boiling point of iron) exists at the 
crater in normal welding and therefore more heat is 
radiated from the crater to the wire tip, but the 
amount of heat so radiated to the globule on the tip 
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cycle in electric deposition 
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of the electrode, as calculated by the Stefan Boltz- 
man law, seems to be less than 10 per cent. This 
would not be sufficient to vaporize any considerable 
proportion of the globule before it left the wire, and 
thus would not change appreciably the proportion 
deposited as globules. The conditions of this test 
thus are at least enough like those of ordinary prac- 
tise to render them suitable for comparative investi- 
gation of the basic phenomena of deposition. 
Oscillographic records of the instantaneous values 
of current and voltage of the arc accompanying each 
series of depositions were taken on a 6-ft film, a sec- 
tion of which is reproduced in Fig. 3 where the de- 
posit accompanying each current peak on the film is 
shown below its own peak. The accuracy with which 
the oscillogram records the operation of the deposit- 
ing mechanism is striking. The size of the current 
disturbance on the film corresponds quite well with 
the size of the globule deposited on the strip. For 
instance, the overlapping globules at the extreme 
right correspond to the group of current peaks on the 
film above it, and the same correspondence holds 
for the double globule near the center of the series. 
The tiny globules of spray seemed to bridge the arc 
sufficiently to give a voltage “‘zero,’”’ although the 
time was too short for appreciable growth of current. 
This voltage zero indicates that the deposition was 
not entirely a spraying process even for these tiny 
globules. The same momentary voltage zeros ap- 


pear in several other places where spray is found. 
The globule next to the left of the sprayed group 

(in the direction of motion) illustrates the simplest 

case, a single globule and a single current peak and 


voltage valley. Likewise, the next to the left shows 
a double globule and double peak, but its neighbor 
(third from left) and also the second one from the 
left, both show more peaks than globules, due perhaps 
to complete merging of the globules before solidifica- 
tion. 

It may be interesting to note that the largest peak 
of a group is nearly always the first one, possibly indi- 
cating the transfer of accumulated liquid at the tip of 
the electrode. Also, one notes that between the 
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peaks of a group the voltage rises to full are voltage, 
with a very short overshoot of voltage above normal, 
whereas the current in the valleys between peaks does 
not drop fast enough to reach the normal current 
value in the short interval. The ordinary ammeter 
and voltmeter used in welding show, of course, only 
the average current and voltage, and do not show 
these rapid fluctuations. 

In general, the correspondence between metal de- 
position and oscillographic record is surprisingly ac- 
curate. Eleven other complete strings of globules” 
with oscillograms to accompany them were made, 
using a variety of electrodes, currents, and speeds, 
each with the general results the same as described. 


CONCLUSIONS 


These experiments indicate that liquid globules are 
the chief form of metal transfer, although there is 
some metal transfer as vapor and mist. A close cor- 
respondence is seen between the individual types of 
deposit and the individual features of the current and 
voltage waves on the corresponding oscillogram. 
The oscillogram would seem to be a trustworthy 
indicator of the depositing mechanism. 

This method, revealing as it does the mode of 
metal deposition, offers also a means for testing and 
comparing the depositing performance or so-called 
“weldability’’ of various types of electrodes. The 
results of tests of this kind may be interpreted, more- 
over, both for hand and for automatic welding. 

These results are for “‘bare,’’ or very lightly coated, 
electrodes. The modern heavily coated electrode, 


Fig. 3. Com- 
posite reproduc- 
tion showing a 


section of the 
high speed metal 
“tecord’ of ac- 
tual deposition, 
and the relation 
of the various de- 
posits to the cor- 
responding oscil- 

logram 


because of its chemical protection to the metal in the 
arc, can and does use a longer arc length, in fact, so 
long that the globules are unable to bridge the are 
and to cause the current peaks and voltage zeros of 
“short are’ welding. Globules are believed, how- 
ever, to be the chief form of transfer, also when the 
longer arc and coated electrode are used. This ques- 
tion could readily be decided by the use of the method 
described in this paper, using heavily coated elec- 
trodes. 
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Synchronous Motors in 


Rolling Mill Service 


Improvements in the synchronous motor 
and its control, together with a growing 
recognition of its favorable first cost and 
operating characteristics, have resulted in 
its rapidly increasing application to con- 
stant speed main-rolls in metal-rolling mills, 
both steel and non-ferrous. A brief review 
of the present status of such applications, 
and some important controlling factors are 
given here. 


By 
S. P. BORDEAU 
NON-MEMBER 

Both with the Electric 
R. N. EARLY Machinery Mfg. Company, 
MEMBER A.I.E.E. Minneapolis, Minn. 


A. THE BEGINNING of 1932 
there were 161 synchronous motors totaling 231,950 
hp driving main-rolls in steel mills and in copper, 
and brass, and other non-ferrous mills. This amount 
of horsepower is small compared to the total in use 
on metal-rolling mills, nevertheless it represents the 
largest part of the horsepower in constant speed 
motors installed since synchronous motors have 
been developed for main-roll drives. The types of 
main-roll drives to which synchronous motors are 
applied and the number of units and horsepower 
installed are shown in Table I. 

These units range in speed from 900 to 62 rpm; 
about 1/; operate at 25 cycles, the remainder at 
60 cycles; approximately 1/; are direct connected 
and */; are geared to their mills; voltages range 
from 220 to 11,000 inclusive. 


REQUIREMENTS AND SCOPE OF APPLICATION 


In the field of constant speed rolling mill drives, 
the only apparent limitation to the use of syn- 
chronous motors is on those mills having heavy 
passes of short duration where it is practise to inter- 
pose fly-wheels between the load and the line. 
However, with the present large and growing ca- 
pacity of power systems supplying most rolling mills, 
the need of protecting the line from short-time high- 
peak loads becomes of decreasing importance and 
the elimination of flywheels is a desired step toward 
greater drive simplicity. Several synchronous mo- 
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tors now are applied successfully to main-rolls, 
such as plate mills, where motors with flywheels 
formerly were considered essential. 

On large reversing mills, synchronous motors must 
be excluded from consideration because frequent and 
rapid reversal is one of the important requirements. 
On certain smaller mills, however, where relatively 
slower reversal and constant speed rolling are satis- 
factory, synchronous motors offer possibilities. One 
continuous-reversing synchronous motor now is in 
use driving a copper break-down mill. 

The torque requirements for various types of 
main-rolls are given in Table II. Except for cold- 
roll mills, the starting and pull-in torque require- 
ments under normal starting conditions are compara- 
tively light, 50 per cent of the full load torque of 
the motor usually being ample. Emergencies, how- 
ever, may require the mill to be reversed or jockeyed 
under load. Hence, starting and reversing torques 
ranging from 85 to 100 per cent must be available, 
secured by applying a higher percentage of full 
voltage, or full voltage to the motor in starting. 
Cold-roll mills, because of the very high friction load, 
require high starting and pull-in torques. The pull- 
out torque requirements will be determined, of 
course, by the type of load imposed by the par- 
ticular mill, with the highest values in general for 
those mills where rolling is intermittent and the 
passes are short. 

Rolling mills, although similar in the main fea- 
tures of their construction and operation, neverthe- 
less vary considerably in their individual load 
characteristics and motor requirements. In Table 
II the approximate torque requirements for specific 
mills have been set up. This tabulation also pre- 
sents some approximate data on motor ratings and 
the load characteristics of mills which afford oppor- 
tunity for application of synchronous motors. 
Additional comments on the groups of mills shown 
in Table II are given in the notes appended to the 
table. By graphical kilowatt charts Fig. 3 de- 
picts the important types of rolling loads encountered. 


MorTor CHARACTERISTICS 
Values of starting and pull-in torques available 


in synchronous motors of normal design vary con- 
siderably, depending upon the horsepower, speed 


Table I—Applications of Synchronous Motors to Main-Roll 
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POLES 
Fig. 1. Approximate relationship of starting and 
pull-in torque to motor horsepower, speed, and pull- 
out torque ratings for 60-cycle synchronous motors 
operating at 0.8 power factor and at speeds of 450 
rpm or lower 
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rating, and pull-out torque for which any individual 
motor is designed. For purposes of illustration, the 
relations for motors of 0.8 power factor are shown 
approximately by the empirical curves of Fig. 1. 
These curves are for 60 cycles, and speeds of 450 
rpm and lower. For 25-cycle motors the approxi- 
mate relationship of starting and pull-in torque to 
motor horsepower, speed, and pull-out rating, can 
be derived from Fig. 1, for 0.8 power factor, by mul- 
tiplying the 25-cycle motor horsepower by 2.4 to 
locate the desired point on the abscissa. 

As illustrated by Fig. 1, an average of starting 
and pull-in torque in excess of 100 per cent is avail- 
able inherently over a wide range of horsepowers and 
speeds, especially for higher values of pull-out torque. 
For low 60-cycle speeds, where full-load starting 
torques are not inherent in a normal design, they 
can be secured by increasing or changing the pro- 
portions of active material in the motor. Moreover 
in all cases, considerable latitude exists in the de- 
sign of the induction-motor characteristics of the 
synchronous motor, so that individual values of 
starting torque and pull-in torque can be varied 
from the average to provide a torque curve most 
suitable to meet the requirements of main-roll drives. 
Pull-out torque requirements for main-roll drive 
can be secured more easily and less expensively in 
synchronous motors designed for operation at 0.8 
power factor than in those designed for operation at 
unity power factor. From the standpoint of pull- 
out torque, therefore, motors operating at 0.8 
power factor are preferable. 
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“Field-forcing’’ for increasing the field excitation 
to values above nominal to provide higher pull-out 
torque during the periods of peak loads, has inter- 
esting possibilities in providing for more economical 
applications on mills with high, but relatively in- 
frequent peak loads. At present, so far as is known, 
its use is limited because of limitations in the quick- 
ness of response to sudden load increases. It is 
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Fig. 3. Kilowatt charts showing nature of power 
demand met by various synchronous motors 


applicable now to drives where increase in load is 
comparatively slow, or where the load increase 
can be anticipated either by the mill operator or by 
trip switches actuated by the metal entering the mill. 

Under normal conditions of starting, except for 
cold-roll drives, the torques required to break the 
mill from rest and accelerate it usually are available 
with a power inrush not exceeding 175 per cent of 
the full load kva of the synchronous motor, secured 
by using one of the various methods of reduced-kva 
starting. For emergency starting and reversing, 
where starting torques higher than normal are 
necessary, the power inrush, of course, will be larger. 


ELECTRICAL ENGINEERING 


The kva starting demand of a synchronous motor, 
particularly in the larger mills, has become a 
factor of less critical importance than formerly. 
As a result, starting at full voltage, with attendant 
high kva inrush, can be tolerated in many instances to 
simplify both the starting operation and the starting 
equipment. 

Starting characteristics of a 3,000-hp, 450-rpm, 
0.8-power-factor, 60-cycle, main-roll synchronous 
motor are shown in Fig. 2. A starting torque of 
150 per cent, with a starting kva of 450 per cent, is 
obtained with full-voltage starting. However, a 
starting torque of 50 per cent normally is ample for 
starting the mill and with this torque the starting 
kva is but 150 per cent of full load kva. 

In the application of a synchronous motor to a 
main-roll drive, the inherent characteristics of the 
motor are such that several factors each must be 
considered individually. Although in this article 
an attempt has been made to set forth the general 
requirements, they should not be considered as 
ready-made rules which can simply be lifted out and 
used; good application engineering, with due recog- 
nition of the motor’s shortcomings, is required at all 
times. In every case the motor must be designed 
and built with quite an exact advance knowledge of 
the mill requirements, necessitating close coopera- 
tion between engineers of the mill and of the motor 
manufacturer. 


NOTES ON TABLE II 


1. Types of mills listed are those which afford opportunity for synchronous 
motor drive, and in general they are the types most frequently used. 


2. Motor horsepower and speed limits are approximate. 


3. See kilowatt charts of Fig. 3 for graphical depiction of load characteristics. 
for some of these mills. 


4. Torques are given as a percentage of the full load torque of the motor, and 
are based on the average horsepower required for the type of mill. Increase 
or decrease in horsepower will modify the torque percentages. Torques shown 
above apply regardless of type of starting used. 


5. Lower values of starting torque shown usually are ample to start the mill 
unloaded, but the higher torques shown must be available. 


6. Both 3-high, and continuous billet and bar mills offer suitable and advan- 
tageous applications for synchronous motor drives; many such mills now are 
so driven. Because of the relatively limited, large sections rolled by these 
mills, speed flexibility usually is not of primary importance, and a constant 
speed drive is satisfactory. 


7. For the roughing and intermediate stands of skelp, hot-strip, merchant, 
and rod mills, where the metal section is large and the rolling speed relatively 
slow, a constant speed drive generally is satisfactory, and synchronous motors 
are applied to advantage. For the finishing stands, where the metal section 
becomes light, and elongation is rapid, adjustable speed motors usually are 
necessary. 


8. Plate mills constitute somewhat of a border line case for synchronous motor 
application because of the high, short peaks encountered. Conditions per- 
mitting, the synchronous motor should prove an advantageous drive, particu- 
larly because its use would eliminate speed variation as a deterrent factor in 
controlling uniformity of gage in rolling. For the roughing and shaping stands 
used in rolling rails and structural shapes, synchronous motor drive is subject 
to the limitations imposed by high, relatively short load peaks. For the finish- 
‘ng stands, however, where constant speed is satisfactory, synchronous motor 
drive is quite suitable. 


9. The severe loads imposed by sheet and tinplate mills (of the non-continu- 
ous type) are made up of heavy impacts of short duration while the sheet-bars 
are being broken down, and heavy drags of longer duration when the sheets are 
being finish-rolled. The largely unrelated operation of the various mill stands 
results in irregular loads wherein the ratio of average horsepower demand to peak 
demand may be quite high. Synchronous motors show attractive possibilities 
of effecting substantial economies and improvements in production when ap- 
plied to sheet and tinplate mills to replace present induction motors. The 
constant rolling speed afforded by the synchronous motor is of particular im- 
portance in insuring greater uniformity of gage in rolling thin sheets, and in 
eliminating variable speed as a factor in controlling mill production. 


10. Cold-roll sheet mills also provide an attractive application for synchronous 
motor drives. The high friction load, together with the diversity of operation 
incident to the use of a single motor to drive several individually fed mill-stands, 
results in regular load and high load factor. High load factor enhances the 
economies of the high efficiency operation of the synchronous motor. 


11. The load characteristics imposed by mills for making seamless tubes are 
somewhat alike. As the metal enters the mill, the load rises at once to its full 
value, remains almost constant at full value for the duration of the pass, then 
drops back immediately to no-load value. These passes vary in length from 
approximately 5 to 20 sec and are repeated from 2 to 4 times per minute. 
Except in the case of certain expanding mills and some reeling mills, a single 


Table !I—General Mill Characteristics and Torque Data for Synchronous Motors Applied to Main-Rolls 


Motor Torques‘ (per cent) 
Horse- Motor ce: : 
Application Types of Mills! power? Speed? Connection to Mill Load Characteristics} Starting® Pull-In Pull-Out 
Steel Rolling Mills 
Billet and bar mills® .. Continuous or...1,000 to... 80 to...Direct drive, single re-..Continuous mills: varying load,... 50 to 100... 40 ..-250 to 350 
three-high 7,000 600 duction gear, ortan-.. moderate peaks ' 
dam gear set Three-high mills: intermittent 
load, approx. 3 to 15 sec dura- 
tion; high peaks 
Skelp,? hot strip, mer-...Continuous ..1,000 to...80 to ...Direct drive, single re-. . Varying load, moderate peaks ... 50 to 100... 40 ..-225 to 300 
chant, and rod mills 7,000 600 duction gear, or tan- 
dem gear set 
Plate,® rail, and struc-...Three-high ..1,000 to...80 to...Direct drive, or single. . Intermittent loads, approx. Isto... 50) to L003. 40 ..-250 to 350 
tural mills 7,000 600 reduction gear 15 sec duration; high peaks 
Sheet and tinplate mills?.. . Two-high ..1,000 to... .240 to...Single reduction gear .. Continuous, irregular load, fre-... 50 to 100... 40 ...300 to 450 
trains 3,000 450 quent high peaks 
Cold-roll sheet mills!® ...Two-high . 500 to ...240 to...Single reduction gear ..Continuous, regular load .--150 to 200...100 to 150... 250 
trains 750 450 
Seamless tube piercing... Mannesmann ...1,000 to...150 to... Direct drive, or single.. Intermittent loads, approx. 6... 60:to 100... 40 ...250 to 350 
mill or Stiefel 5,000 250 reduction gear to 30 sec duration; high 
Rolling mills ..-Two-high ..1,000 to... 62 to...Direct drive peaks. On rolling mills 
2,000 83 load duration may not be 
i 1Zi 4 sec 
Reeling, sizing, and j more than 3 to % 
caiian mills \ wo-high . 350 to ...450 to.. .Single reduction year ..Intermittent loads, approx. 6 to... ...250 to 300 
600 600 30 sec duration; peaks 
moderate 
Copper, Brass, and Other Non-Ferrous Mills 
Breakdown mills!? ... LT Wwo- or . 300 to ...250 to...Single reduction gear...Intermittent loads, approx. 1... 50 to 100... 40 Se zOU 
three-high 1,500 450 to 15 sec duration; peaks 
moderate 
Finishing mills ... LWwo- or ... 250 to ...250 to...Single reduction gear...Intermittent loads, approx. 5 to... 50 to 100... 40 cckte MOU: 
three-high 600 450 15 sec duration; peaks 
moderate 
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speed drive is sufficient and the absolutely constant speed provided by the 
synchronous motor even at high overloads is a factor of considerable importance 
in making the tube. Also, the first cost and the high power factor and high 
efficiency at the comparatively slow speeds of these mills have caused the 
synchronous motor to be used widely for seamless tube mill drive. 

12. Synchronous motors have been quite widely applied to non-ferrous break- 
down and finishing mills. The power factor correction obtained for synchronous 
motors is of considerable importance in some plants, offsetting the low power 
factor characteristics of the induction furnaces used for melting. 
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and Oil Demands in Cables 


Simplified solutions now may be obtained 
for the thermal transients and oil demands 
in power cables, due to load variations of 
any complexity whatever. Mathematical 
and graphical aids have been developed 
which greatly reduce the time and labor re- 
quired for numerical work, and the theory 
has been verified by measurements on 
actual cables of the ordinary and oil filled 


types. 
By 
K. W. MILLER Utilities Research Com- 
MEMBER A.].E.E. mission, Chicago, Ill. 


F. O. WOLLASTON 


ASSOCIATE A.I-E.E. 


Commonwealth Edison 
Company, Chicago, III. 


Svcs underground power cables 
almost always operate under variable loading, it is 
desirable to be able to establish their allowable carry- 
ing capacities on the basis of variable loading, rather 
than on the basis of some equivalent steady state 
loading, as is the present practise. For this purpose 
it is most useful to know what temperature variations 
will occur at any point in the cable at any time due to 
an abrupt change from one constant load to another. 
Any load curve then can be handled with sufficient 


Based upon ‘“‘Thermal Transients and Oil Demands in Cables’ (No. 32-127) 
presented at the A.I.E.E. Middle Eastern District meeting, Baltimore, Md., 
October 10-13, 1932. 
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accuracy by breaking it up into a series of rectangular 
steps, and adding with proper time intervals the 
successive thermal transients. 

The fundamental equations were developed several 
years ago, but the numerical solution was too compli- 
cated and laborious to be of general practical value. 
A simplified method is presented here, which employs 
calculating charts and other devices permitting com- 
plete exact solutions to be obtained in less than 20 
per cent of the time formerly required. In addition 
to temperature transients due to abrupt load changes, 
precise simplified solutions for the following related 
phenomena are given: 


1. Oil demands due to abrupt load changes in oil filled cables. 
2. Temperature transients and oil demands due to load variations 
of any kind, whether abrupt or otherwise. 

Although the methods’ described in this paper 
were developed for problems of single conductor 


wit) 


Wo, 


t=o0 TIME t t=0 TIME t 


Fig. 1. (Left) Rectangular load change 
Fig. 2. (Right) General load variation 


cables, they can also be applied directly to 3-conduc- 


tor cables, using a per phase basis (e.g., sheath 
thermal resistance = 382, etc.). For 3-conductor 
oil filled shielded cable with round conductors, the 
accuracy will be excellent. If the conductors are 
sector-shaped, good accuracy may be obtained by 
using the equivalent round conductors. For ordi- 
nary 3-conductor cable with solid fillers and no 
shielding, the accuracy will be only fair. 
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SOLUTION FOR ABRUPT LOAD CHANGE 


For any abrupt load change such as illustrated in 
Fig. 1 the equation for the temperature at any point 
x in the cable at any time is: 


path W."b R 
18 = yy, é Ant (OA (Und, Kn) + ae log x + 

aise BS (10s z) (10% Re) ze (W." ae Ww." <t W.") E ie ips 
Ar log r og f (1) 


where »» = /pq 
(For notation see List of Symbols) 


For conductor temperature, « is replaced by 7, and 
for sheath temperature by R. The component oil 
demands contributed by shrinkage of the conductor, 
sheath, and insulation are, respectively: 


(05 Ce > Unter CA Gist; Ka} (2) 
Pq 

ag = as > Un2e—rt CaF (un.R, 1) (3) 
Pq 

Ga = = > et Cy [Fi (uaR, Kn) — Fi (unr, Kn) | (4) 
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Instructions for Using Charts 1 and 2 


1. Lay Chart 2 over Chart 1 so that the Z axes coincide, 
and Z = R/r on Chart 2 coincides with Z = 1 on Chart 1. 


2. Interpolate on Chart 1 the sequence of curves for Mi and 
interpolate on Chart 2 the sequence of curves for Ms, N. 


3. Note the points where intersections occur between the 
interpolated curves of Charts 1 and 2. Three intersections 
are sufficient. 


4. For the n points of intersection, read off Kn from the 
vertical scale. Also read off Run and run from the horizontal 
scales of Charts 2 and 1, respectively, starting at the left. 


Note: In printed copy where Chart 2 is not transparent or 
removal permitted, it is convenient to trace the z axis, the inter- 
polated P curve for desired value of Mi and sufficient 
identifying abscissas z from Chart 1, on transparent paper, and 
to lay this tracing over Chart 2 with proper horizontal shift 
R/r (to the right), after which intersections may be found as 
already described. 


and the total oil demand is: 


a = (a — a2 + as) 


The values of uw, and K, are obtained from n 
successive intersections (8 are generally sufficient) 
of the curves of Charts 1 and 2, which are entered 
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Table I—Properties of Cable Materials 


SY 


Specific Weight 
Material Gravity lb/cu in. 

Water 1.00 0.0361 
Copper 8.95 0.3230 
Lead 11.37 0.4110 
Transformer oil 0.90 0.0325 
Dry paper 1.41 0.0508 
Oil filled insulation 1.15 0.0415 


Thermal 
Resistivity 
Joules/cu cm/°C Joules/cu in./°C Joules/lb/°C °C/watt/cu cm 
4.18 68.6 1900 171 
3.44 56.4 175 0.285 
1.43 23.4 57 2.990 
1.90 Se 957 611 
2.26 37.1 730 770 
2.10 34.5 832 550 


The weight of copper conductor is 3.15 1b and its thermal capacity 551 joules per deg C per circular-inch foot, as ordinarily stranded and cabled. 
The weight of lead sheath is 15.5 Dd |b and its thermal capacity is 883 Dd joules per deg C per ft, where D and d are the average diameter and thickness in inches. 


with values of Mi = seta M, = 5k P 
R 


= The functions F.(u,x, K,,) are obtained from Chart 


3. The functions F,(u,.x, K,,) are obtained from Chart 
4, Values of C,, are obtained from the following equa- 
tion: 

R 


n ~ Pp R 
DD, rape ChEAU.S, Ka) = AW. oe log % + 


Rx 
p (108 2) tog z) 
AW. ——_—_———_ * + (AW. + AWe+ AWE 
Ar log - 


by evaluating all terms except C, for m different 
values of x, and solving the resulting simultaneous 
equations. Values of C, should be calculated for 
unit change in copper loss, dielectric loss, and sheath 
loss separately. Eq 1, 2, 3, and 4 will then yield 
“unit” transients. These need be calculated only 
once for a given cable, since for any particular 
problem the unit transients can be proportioned and 
added together in any ratio and combination desired, 
which is the work of but a few minutes. All quanti- 
ties, such as ~, g, R, W., c, etc., in the expressions 
for temperature and oil flow transients are readily 
obtained from Table I, or by well known methods 
which require no explanation. 

The oil flows obtained from eq 2, 3, and 4 will be 
slightly in error for the first few moments of the 
transient, because only a few terms in the infinite 
series are used in obtaining numerical values, and the 
neglected terms are appreciable when ¢ is very small. 
The following correct expressions should be used for 
the initial instant (¢ = 0): 


Cc Vu 


a = — AW. Let at 


Qi 


SOLUTION FOR GENERAL LOADING 


a3 = AW) = 
q 


The rectangular solution is readily generalized, 
almost by inspection, through a well known applica- 
tion of the superposition principle. For the entirely 
general load curve of Fig. 2, the general solution for 
temperature at any point x is: 


wh = Do Fo (tent, Ky) LW, t) + (W.)t fe log é +- 
(Wi)e —2 (tog *) (iog 7) + 
4r log 3 
E(W. + W: + W,)e + Les (5) 
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Chart 3. Functions F, 


The generalized oil flow equations are similarly 
obtained by substituting L,(W, t) for e>” in eq 
2;i0,,and 4. 

The last 4 terms in the above equation differ from 
the corresponding terms in the rectangular solution 
only in that instead of using the constant watts lost 
after the transient, indicated by the superscript ("), 
the variable watts loss during the transient, indicated 
by subscript (é), is used, as explained below. The 
summation term is identical with the corresponding 
term in the rectangular solution, except that L,- 
(W, t) is substituted for e. The load function 
L(W, t) is known as the Duhamel Integral, and for 
the present purpose is as follows: 


L.(W, t) = [ee ff (Wi — W.) edi — (Wi — w)| 


Where the losses (W), can be expressed as a 
mathematical function of ¢, the integral can be 
formally evaluated. For practical load curves this 
is seldom the case, and graphical or step-by-step 
methods must be employed. For the step-by- 
step method the load function is easy to evaluate 
when rewritten in the following approximate form: 


—Wo 


t We 

L.(W, t) = [ ware ea — (MW, — w,| (6) 
The expression under the summation sign is to be 
evaluated point by point up to time ¢ (or point B, 
Fig. 2), using equal finite intervals of time At for 
the preceding period. For good accuracy, \, At 
should not exceed 0.5, and it is best to use the average 
values of (W), and ¢ for each increment term under 
the summation sign. \, and C, are exactly the 
same as for the rectangular solution. 
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At the instant of an abrupt discontinuity in (W),, 
the values of L(W, #) for use in temperature equa- 
tions are: 


ich oS — AW, ALin ae — AW; pL hae — AW. 


and for oil flow equations, the correct values of oil 
flow are calculated directly from: 
Cs Ads = = AW: He Aas = — AW: 
Qe q 
for the same reasons discussed in connection with the 
solution for rectangular load change. 


Aa; = 


PRESSURE DISTRIBUTION IN INSULATION 


The principal object or purpose of oil filled cable is 
the prevention of free gas spaces or open voids in the 
insulation. One of the chief causes of formation of 
such voids is the thermal shrinkage of the oil during 
decreases in cable loading. With the complete 
solution of the thermal transient available, a thor- 
ough investigation can be made of the possibility of 
this happening from an oil pressure standpoint for 
any assumed load conditions. 

The pressure drop across the wall of insulation 
depends on the resistance of the paper tapes to radial 
oil flow. The insulation of commercial cables is 


Functions F, 


Fig. 3. 


TEMPERATURE 
a 
x 

PRESSURE DROP 


2D 


‘: 
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rT 
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NOTE: 
FOR &2 SEE EQ.3 
FOR a3 SUBSTITUTE x 
FOR R IN EQ. 4 
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AT ANY POINT x 
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(Left) Solution for 
radial oil pressure drop in 
cable insulation 


R Illustration is for cable having oil 
feed from hollow core only 


Fig. 4. (Right) Copper tem- 
perature transient 
abrupt change in copper losses 
Single-conductor 500,000-cm 


cable having 26/64 in. ordinary 
insulation and 7/64 in. lead sheath 


often arranged in zones, the density of the tapes being 
different for each zone. It is necessary to know the 
dimensions of these zones, and their respective 
coefficients of friction to radial oil flow. Actual 
values for the latter have been found to range from 
50 to 500 near the sheath, and 400 to 1,000 near the 
conductor, the units being (lb per sq in.) per (in. 
cube) per (cu in. of oil per hr) for oil having a vis- 
cosity of 50 centipoises. 

The process of solution for the radial pressure drop 
due to a rectangular load change is sufficiently 
illustrated in Fig. 3. In part 2, a; is obtained from 
eq 4 by replacing 7 by x if oil feed is from a hollow 
core only; for feed from sheath channels only, x 
replaces R. For general load variation the general- 
ized form of the rectangular solution should be used. 
The calculated pressures, part 4, must of course be 
altered by an additive constant for hydrostatic 
pressure so as to make the pressure at the inside (or 
outside) radius of the insulation equal to the pressure 
in the oil core (or sheath) at the moment under 
consideration. If the final resultant pressure is 
anywhere less than the partial pressure of solution of 
gases absorbed in the oil, then presumably voids will 
form. 

Following the procedure outlined, a graphical 
solution of the radial pressure drop was computed for 
one of the oil filled cables installed in Chicago. 
Under the most severe conditions of dropping load in 
the winter, the radial pressure drop was only a 
fraction of a pound per square inch, or much less than 
the minimum permissible oil pressure in the core. 
In the present design of oil filled cables, the radial oil 
pressure drop is insignificant because of the small 
viscosity of the oil. However, in solid cables with 
thick compound this is not so, and the type of 
analysis given above is useful in determining internal 
pressures and vacuums developed during load varia- 
tions. 


VERIFICATION BY FIELD AND LABORATORY TESTS 


The theoretical methods have been found to give 
results in close agreement with actual measurements 
in every case which has been checked. For ex- 
ample, the curve of Fig. 4 was selected at random 
from a series of tests made at the University of 
Wisconsin. The calculated points are shown by the 
circles. The agreement between calculated and test 
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values is almost perfect except for the latter part of 
the transient. The disagreement is due to the fact 
that in the test, the heating current was kept con- 
stant. This resulted in a continuous slight increase 
in the conductor losses, due to the rising conductor 
temperature. It was not thought worth while to 
include a correction for this residual effect in the 
calculations, which are based on the assumption that 
the conductor loss remains constant after the tran- 
sient is initiated (see Fig. 1). The last few calculated 
points, therefore, fall slightly below the test points. 

Field tests in Chicago on 2 132-kv oil filled lines 
provided an opportunity of testing the theory from 
every angle. In the field tests, a heavy load (200,000 
kva in one case) was suddenly thrown on the line, 
maintained as nearly constant as practicable for 
several. hours, and then suddenly switched off. 
Records were obtained of conductor current, volumes 
of oil in feeding reservoirs, and oil pressures at various 
locations along the line. 

The tests were entirely reconstructed by theory, 
the only known factors being the constants of the 
cable, the loads employed, and the duct temperature. 
The results are shown in Tables II and III. Table II 
provides a check of the slope of the temperature 
transient curve, as well as of oil flows, since the oil 
flow depends upon the rate of change of temperature. 
The agreement is good, and most of the error proba- 
bly lies in the measured values, since the type of oil 
reservoirs used made it impossible to obtain precise 
oil volume measurements. Table III provides a 
check of the actual cable temperatures as well as of 
oil pressures, since the pressures depend on the oil 
viscosity and therefore on the cable temperature. 
The close agreement between measurement and 
calculation in Table III is a further indication that 
the calculated values of Table II are more precise 
than the measured values. An unavoidable error 
was, of course, introduced in all the calculations by 
the necessity of assuming that the duct temperature 
was the same throughout the length of the cable. 
Actually the duct temperature probably varied 
considerably from manhole to manhole. 


Table II—Comparison of Measured and Calculated Maximum 
Rates of Oil Flow During Heat Runs on Northwest-Devon 
132-Kv Cables 


Line 7,401 
Max Rate of Flow 
Load-Amp Gal per Hr 
Initial Final Measured* Calculated 
160 420 6.6 X 1074 Weal Ons 
400 150 7.3 X 1054 HAY SS ayes 
Line 7,406 
Max Rate of Flow 
Load-Amp Gal per Hr 
Initial Final Measured** Calculated 
First Test: 
0 950 Were S< O 13nd) Ome 
830 0 Le <eLO Re ihbees se, lo) 
Second Test: 
0 800 Viet Ome 9.3 X 10-4 
800 0 Sa exams 10.4 X 10-4 


* Average value for 6 sections 
** Average value for 3 to 6 sections 
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CONCLUSIONS 


1. A simple solution has been obtained for cable transients due to 
arectangular load change. The theory has been verified by measure- 
ments on actual cables of the ordinary and oil filled types. 


2. Mathematical and graphical aids have been developed which 
greatly reduce the time and labor required for numerical work. 
Solution and verification of a complete problem formerly required 
about a week. With the aid of the new methods, the same results 
can now be obtained in one day. 


3. The transients due to load variations of any complexity what- 
ever have been solved by using the well known superposition theorem. 
Any desired degree of accuracy can be obtained. 


4. The duct temperature transient is of importance in problems 
of variable loading, but has not been adequately investigated. 
Further work should be done along this line. 


5. Some of the constants needed for use in thermal and oil flow 
problems of cable insulation are relatively new. Many of the 
values now in use for these constants are based on only a few 
scattered observations. Further laboratory and field data should 
be obtained. 


LIST OF SYMBOLS 


time in second 

inside radius of insulation 

outside radius of insulation 

radius of cylindrical element considered 

total thermal capacity of copper conductor and free oil in 
strands and core (if any) per unit length, Joules/deg C 

total thermal capacity of sheath, armor, shielding tapes, 
and free oil in channel or sheath flutes (if any) per unit length 
gq = specific thermal capacity of insulation, per unit volume 

p = specific thermal resistance of insulation, per unit volume 

w = dielectric loss per unit volume at unit voltage gradient 


tou de uu 
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III—Comparison of Measured and Calculated Oil 
Pressures in Cable Cores During Heat Runs on Northwest- 
Devon 132-Kv Cables 


Oil Pressure-Lb per Sq In. 


Maximum Minimum 
Sec. 
No. Meas Calc Meas Calc 
Line 7,401 
1 28.5 29.4 15.5 14.4 
2 26.0 26.0 12.0 11.4 
3 25.0 24.4 13.0 12.6 
4 26.0 24.1 15.0 14.0 
5 26.0* 25.0 13.0 1225) 
6 38.0* 37.9 16.0 16.8 
Line 7,406, Second Test 

2075 19.2 8.0 7.3 

20.0 19.5 8.0 6.2 

10.0** 8.6 2.0 Dal 


* Estimated. Boosters were reconnected at peak pressure. 
** Balanced pressure section. Reservoirs disconnected at one end. 


thermal resistance, sheath to duct, per unit length 

thermal resistance, copper to sheath, per unit length 
temperature deg C at point and time considered 

duct temperature 

watts heat flow across cylindrical element at x 

watts copper loss 

watts dielectric loss per unit length of cable 

watts sheath loss 

total volume copper conductor and free oil per unit length 
total volume inside of lead sheath or inside of shielding tape, 
if any 

effective volumetric thermal coefficient of expansion of 
copper core and free oil combined, per deg C 

effective volumetric thermal coefficient of expansion of 
insulation, oil and paper combined, per deg C 

effective volumetric thermal coefficient of expansion of lead 
sheath, corrected for free oil in channel or sheath flutes, if 
any ; 

rate of oil flow contributed by conductor and core, cu cm 
per sec per unit-length 
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rate of oil flow contributed by lead sheath shrinkage or ex- 
pansion, corrected for oil in flutes or channels, if any 

rate of oil flow contributed by insulation 

total resultant rate of oil flow, per unit length 

resistivity of insulation to radial flow of oil of standard 
viscosity 

poe non applied to p to take account of actual viscosity 
of oi 

A = finite increment of quantity considered 
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' Thermal ‘constants’ are assumed independent of temperature 


Subscripts c, 7, and s refer to conductor, insulation, and sheath, 
respectively 


Superscript (’) indicates conditions before transient 
' Superscript (”) indicates conditions during and after transient 
All logarithms are to base e. 


A Rotary 
Voltmeter 


A new electrostatic voltmeter for measuring 
either a-c or d-c potentials has been de- 
veloped; it has a range limited only by its 
insulation, possesses high accuracy, and 
draws no current. This article describes the 
new meter and some of its uses. 


By 
PAUL KIRKPATRICK 


Stanford Univ., Calif. 


D ESCRIPTIONSof high voltage volt- 
meters by the dozen may be found sprinkled through 
the literature of engineering and physics, and in the 
face of this wealth of invention the proponent of yet 
a new one feels required to justify his entrance into 
the well filled field. The defense offered in this case 
lies precisely in this abundant bibliography and in 
the thought that these continued and varied efforts 
strongly suggest a problem still unsolved. In- 
struments excellent in some respects have generally 
purchased such excellence by sacrifices in other re- 
spects. Highly accurate electrostatic voltmeters 
acting upon attraction or repulsion principles have 
been constructed, but unfortunately they are non- 
portable, non-linear, and dependent upon other 
meters for their calibrations. Spark gaps are rugged, 
portable, and simple to construct, but their limita- 
tions in other respects are too well known for com- 
ment. Wire-wound high resistances of good design, 
used in conjunction with a galvanometer or potenti- 
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ometer, are accurate and highly satisfactory to those 
who can afford them, at least in constant potential 
applications. Insome cases, however, the load which 
they impose upon the high potential source is un- 
desirable. 

The instrument to be described here operates ac- 
cording to principles which are thought to be new in 
high potential measurements, and accordingly it pos- 
sesses a set of characteristics not duplicated in other 
existing meters. Fortunately, practically all of the 
well-known defects have been avoided, and no new 
ones have appeared during a testing period of more 
than a year in routine service, unless the noise pro- 
duced by the running of a small motor be accounted 
a defect. 

Briefly this is a rugged and portable a-c or d-c 
voltmeter of unlimited range, high accuracy, short 
period and linear scale characteristics. It draws no 
current, has no detectible temperature errors, and is 
not unreasonably difficult or expensive to construct. 
The indicating instrument is at earth potential and 
may be located remote from the rest of the meter. 
The calibration of this meter inheres in its construc- 
tion and may be established without recourse to any 
high potential manipulations whatever. 

Central unit of the meter is a contrivance which 
may be called an electrostatic generator. It has 
several points of analogy with a simple 2-pole, sepa- 
rately excited electromagnetic d-c generator. In the 
electrostatic generator a simple armature rotates in 
the electrostatic field existing between 2 pole pieces 


Fig. 1. 


Simplified dia- 
gram of essential parts 
of the rotary voltmeter 


Potential difference be- 
tween the horizontally dis- 
posed pole pieces is read 
from the galvanometer 


whose difference of potential is to be measured. 
The armature, driven at constant speed by a syn- 
chronous motor, generates a direct current which is 
directly proportional to the potential difference ap- 
plied to the pole pieces. This generated current is 
conducted to a suitably calibrated galvanometer or 
microammeter, from which the value of the applied 
potential may be read directly. The whole assembly 
is termed a rotary voltmeter. 

Essentials of the meter are shown in Fig. 1. The 
so-called armature is a piece of metal tubing which 
has been sawed longitudinally into 2 equal semi- 
cylinders. These are connected electrically only by 
the path leading through the commutator and gal- 
vanometer. When the meter is in operation, the 
galvanometer receives a pulsating direct current 
the average value of which, as shown by simple 
theory and many experiments, is given by the for- 
mula J = 2CVn, in which V is the applied potential 
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Fig. 2. Rotary voltmeter for measuring potentials 
from 1 volt to 110 kv; complete except for galva- 
nometer 


(here supposed constant) 2 the speed of rotation of 
the armature in revolutions per second, and C the 
capacitance of a system comprised of the armature 
and one pole piece. This equation has been checked 
exhaustively on 3 different generators, in many cases 
with all relevant quantities independently measured; 
it holds rigorously over a wide range of voltage. 

The generator shown in Fig. 2 was built for mea- 
suring potentials up to 110 kv. The upper limit is 
set only by the limitations of the insulators and the 
width of the gaps between the pole pieces and the 
rotor. The wide range of potentials measurable 
with this meter and the proportionality existing be- 
tween potential and generated current over the entire 
range are displayed by the graph in Fig. 3. The 
circled points represent corresponding values of inde- 
pendently measured applied potentials and generated 
currents. Currents such as those designated at the 
lower end of the graph require a rather sensitive 
galvanometer for their measurement, but up in the 
practically useful part of the range a portable micro- 
ammeter of the pointer type or a switchboard micro- 
ammeter is perfectly adapted and most convenient. 

Calibration constant of a voltmeter of this type 
may be determined either by applying a known po- 
tential of a few hundred volts and measuring the 
resulting current, or by measuring the capacitance 
C and taking account of the known speed of rotation. 
Both methods have been found to be practical and 
easy and the resulting calibrations to be correct to 
within a small fraction of one per cent. It is found 
in most cases that the accuracy of the rotary volt- 
meter is simply the accuracy of the indicating instru- 
ment itself. Calibration methods have been more 
fully described in another article published in Review 
of Scientific Instruments, v. 3, 1932, p. 480-8. 

As mentioned previously, the rotary voltmeter is 
useful for measuring alternating as well as direct 
potentials. Close analysis of the generating process 
shows that the only potential difference of signifi- 
cance in the equation J = 2C Vn is the potential dif- 
ference existing when the semi-cylinders of the rotor 
are turned directly toward the pole pieces, that is, 
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Fig. 3. Experimental calibration curve for the 
instrument shown in Fig. 2. The curve is straight 
and agrees with the theoretical equation | = 


2CVn 
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ONE SQUARE = 20 ELECTRICAL DEGREES 
Fig. 4. Potential wave form across the secondary 
terminals of a high voltage transformer, as determined 
with the rotary voltmeter 


at the instant of commutation. In other words, the 
generated current is proportional to the instantaneous 
value of the applied potential at a certain instant 
during the rotation. If the rotor is driven by a 4- 
pole synchronous motor connected to the same power 
system as that which furnishes the potential to be 
measured, this instantaneous value recurs identically 
twice in each revolution, that is, at each commuta- 
tion point. The voltmeter then measures this in- 
stantaneous potential, regardless of the potentials 
that may obtain during other parts of the cycle. 

By advancing or retarding the rotor in its synchro- 
nous rotation various potentials along the applied 
voltage wave may be determined in turn and the 
entire wave form expeditiously plotted in a point-to- 
point manner. This control of the rotor phase has. 
been accomplished in two ways: by bodily rotating 
the motor a portion of a revolution about its own 
axis; and by operating the motor on current from a 
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phase shifting transformer. The latter method, 
which has the advantages of greater simplicity and 
convenience, was employed in determining the out- 
put wave form (see Fig. 4) of a high voltage trans- 
former. 

High potential wave forms for various conditions 
of rectification, filtration, and load have been deter- 
mined by this method. When it is desired to mea- 
sure only the peak value of an alternating potential 
the rotor phase may be set for the maximum gener- 
ated current and left in that adjustment. These 
voltmeters so far have been used only in a few experi- 
mental X-ray laboratories, but their dependable and 
inconspicuous performance in these cases suggests 
that they will be found useful in a variety of other ap- 
plications. 


Pneumatic Tired 


Diesel Electric Rail Car 


A DIESEL electric rail car having a 
body of stainless hi-tensile steel construction and 
running on pneumatic rubber tires has recently been 
delivered to the Reading Company. Much funda- 
mental development work in the building of this 
47-passenger car was done by the E. G. Budd Manu- 
facturing Company, involving the forming and 
handling of thin sheets of steel, and requiring con- 
siderable research into methods of welding. As the 
result of this work the weight of a self-propelled car 
of a given seating capacity has been reduced to 33 
per cent of the weight of the accepted passenger 
coach having no power as used on Class I roads. 

The front or power truck is equipped with a 125-hp 
Cummings diesel engine directly connected to a 
Westinghouse 250-volt generator of special light 
weight construction. In the power truck also are 
mounted the batteries and control. The rear or 
traction truck is a single high speed Westinghouse 
motor mounted under the bolster. The double 


Pneumatic tired diesel elec- 
tric rail car of stainless hi- 
tensile steel construction. No 
paint is used on the outside 
of the car, the stainless steel 
permitting a permanent luster 
finish. The car is 51-ft in 
length, weighs approximately 
22,000 Ib, and has a speed 
of from 50 to 55 mph. The 
tires are 33 x 4% in., and 
carry a pressure of 95 |b 


DECEMBER 1932 


extended shaft drives the front and rear axles of the 
traction truck through a Timken differential worm 
gear having a ratio of 9.1 to 1. 

The trucks, of unusual design, are of light weight 
construction. The power truck has a ‘‘shot-welded”’ 
stainless steel frame weighing 281 lb, while with the 
engine, generator, batteries, axles, wheels, etc., the 
total weight is 6,990 Ib. In the traction truck the 
“shot-welded”’ stainless steel frame weighs but 230 lb, 
whereas the motor, axles, wheels, etc., make the total 
weight 4,315 Ib. 

The interior of the car is of extremely simple 
design, the vestibule being free of any obstruction 
from the engine. Lighting receptacles are recessed 
on either side of the exhaust ventilating duct which 
runs along the center of the car, resulting in a very 
pleasing and efficient scheme of indirect lighting. 

The windows are permanently closed, keeping out 
the dirt and much of the noise. An ingenious venti- 
lating system takes in air on either side of the car at 
the step wall and by a motor operated fan distributes 
it along either side of the car. In winter the air is 
drawn through a radiator heated by water from the 
engine. The air is then distributed by conduits 
evenly through the car. A radical design of revers- 
ible seat has been used, the double seat with rubber- 
ized hair and leather covering weighing but 50 lb. 

Stainless steel marker lights are built neatly into 
each of the 4 corners of the car. Automatic air en- 
gines operate the side doors, trap doors, and folding 
step, as a unit. The controls of the car are simply 
arranged for operation from either end of the car. 


The front truck of the diesel electric car. This truck 

carries a 125-hp diesel engine and direct connected 

250-volt generator. Batteries and control also are 

mounted on this truck. The rear truck, not shown, 
carries the traction motor 
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Oil pressure, water temperature, and engine speed are 
all relayed by light circuits. 

The rapid acceleration of the car, the riding 
qualities of the pneumatic tired wheels and the ex- 
clusion of noise and dirt combine to give an extremely 
pleasant reaction to the passenger. When properly 
applied economies may be secured by this type of 
high speed light weight self-propelled car which 
should make it attractive to the railroad operator. 


Usury 
on Labor 


Too great success in cornering our mediums 
of production is considered responsible by 
many for our present industrial instability; 
the result is usury on labor. This is the 
fifteenth article in the Engineering Founda- 
tion’s symposium ‘‘Has Man Benefited by 
Engineering Progress?” 


By 
ROBERTSON MATTHEWS 


Research and Development Engineer, Bolton, Canada 


M scrues now idle that were run- 
ning 24 hr per day in 1928 and ’29, create a situa- 
tion demanding correction. Not many years ago 
we had a moneyed class able to aid liberally in the 
support of education and general culture, with 
machinery operated 10 hr per day; with better 
machines running 24 hr our moneyed class has not 
been able to keep the business ship on an even keel 
nor to provide those conditions which history shows 
are usually a preventive of radical measures and 
social unrest. After 2 or 3 yr with machines 
manned by shock troops 24 hr per day, we are 
having more than 2 yr with those machines largely 
idle. The cause is declared an obscure mystery. 
What we learn from this mess is going to depend 
upon what we do about it. 

Our sires thrived on the 10-hr day. We have 
more machines, better machines, a more elaborate 
organization; and in many lines we are overtooled. 
As soon as a commodity appears to be attractive 
commercially, too many rush to make it. Where 
a market is obtainable, 24-hr operation is taken as 
the ideal. Under our system capital thus leads 
the rush and tears along like an engine without a 
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governor; but systems, like engines, can destroy — 
themselves if ungoverned. 

Now we know (after being forced to learn) that 
long hours of labor per shift are not best for economic 
production and social progress. Is it not, there- 
fore, possible that 24-hr operation of machines, 
though admittedly representing 100 per cent load 
factor for money invested, has some wide influence 
which is highly pernicious to business and social 
harmony? May not more cooperative planning, even 
internationally, be essential in order togovernthe capi- 
talistic engine as now massively and highly developed? 

Success in business has too long been significant 
of predatory characteristics; but has any national 
organization based upon war and predatory behavior 
long survived? Why in peace time the pressure of 
24-hr operation of machinery? Under what cir- 
cumstances is it socially permissible? What re- 
lation should hours of machine operation per day 
bear to hours of labor for each shift? 


CORNERING Has BEEN GOING ON for AGES 


For ages there have been attempts by some 
members of a community to corner the prevailing 
medium of exchange, and to release it for use by 
other citizens only on prepayment of excessively 
high interest. This is usury on money, and there 
are state laws respecting it. Respecting mediums 
of production we still are without proper correctives 
against cornering. Too great success in cornering 
our mediums of production, among which labor 
takes first place, is considered responsible by many 
for our present industrial instability. Before society 
can enjoy the activities of labor and benefits from 
engineering progress, a few persons who are in con- 
trol demand an over-large portion of the returns 
for themselves. In short, the result is usury on labor. 

Social welfare and stability demand, therefore, 
that all workers shall share in the greater returns 
from an improved load factor of a manufacturing 
plant. Should the market warrant 12-hr opera- 
tion of machinery, then let there be, say, 2 shifts 
of 6 hr each; if 20-hr operation, 4 shifts of 5-hr 
each; if 24-hr operation, 6 shifts of 4-hr each, 
the pay to remain approximately the same per shift. 

With such pay, employes could better meet the 
fluctuations in employment likely to occur for some 
years, until we arrive at a better social-industrial 
organization. This procedure would offer to all 
concerned in manufacture an incentive for improv- 
ing the product and its market. The unequal hours 
in different industries might draw the better grade 
of workers to places where the hours were most 
favorable. This would be placing benefits among 
those workers most likely to benefit society, and 
whose betterment would provide opportunity for 
their higher self-development and culture with more 
inspiration for their children—social stabilizing con- 
ditions such as are becoming eliminated in the present 
militarized industry with the larger benefits and 
privileges going to an extreme few at the top. 


Editor’s Note: Pursuant to the invitation of the Engineering Foundation, the 
editors will be happy to receive comments, criticisms, or discussions pertaining to 
this or other articles published in this series. 
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Telephone Cables 
in Large Buildings 


Design -of telephone facilities for large 
buildings requires the careful consideration 
of a large number of factors to insure that 
the telephone plant shall be used with the 
maximum degree of efficiency. The factors 
which must be considered are outlined in 
this article, which is a portion of the authors’ 
complete paper on the general subject of 
cables for telephone distribution. 


By 

M. C. ROSE 

ASSOCIATE A.1.E.E. 

H. A. RUSSELL Both of the Chesapeake and 
NON-MEMBER Potomac Tel. Co., Baltimore, Md. 


Pass ING of telephone facilities for 
large buildings is a problem which rivals in impor- 
tance the planning of the telephone distribution sys- 
tem between the central office and the customer’s 
premises. Telephone cables used for distribution 
within a building are termed ‘“‘house’”’ cables. Close 
cooperation is necessary between the telephone engi- 
neer and the owner, architect, or contractor in order 
that the house cable system may be designed to 
conform to the building layout, and in order that the 
building plans may include the provision, by the 
owner, of the necessary shafts, conduit, cabinets, 
and other housings for that house cable system. 


BUILDING CABLE DESIGN 


In considering the problem of furnishing telephone 
service to large buildings, it is quite impracticable 
and uneconomical to place a pair of wires through 
the building each time a telephone is required. 
Buildings of these types are generally given service 
by means of house cable which is placed in the build- 
ing during its construction, and provides facilities 
which will permit convenient and efficient connec- 
tions of telephones at any location within the build- 
ing. The house cable system is usually designed to 
meet the maximum requirements of the building 
with sufficient flexibility to care for any changes in 
the relocation of the telephones or for any rearrange- 
ments to the building. 

These systems usually consist of one or more riser 


Full text of a portion of ‘‘Use of Cables for Telephone Distribution Purposes’’ 


(No. 32-121) presented at the A.I.E.E. Middle Eastern District meeting, 
Baltimore, Md., Oct. 10-13, 1932. 
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cables starting directly from an entrance cable or 
from a main cross-connecting terminal or frame in 
the basement, and extending up through shafts or 
conduits of the building. Branch cables on each 
floor are terminated ‘at suitable distribution points 
by means of floor terminals, where connections are 
made to the subscriber’s telephones by wires. 

The general arrangement of the house cable system 
is almost identical to the general outside plant ar- 
rangement in a central office area in that the riser 
cables may be likened to the main underground 
cable, the floor branch cables to the subsidiary distri- 
bution cables and the floors themselves to individual 
blocks or areas along a feeder route. 


CLASS OF BUILDINGS 


For the purposes of house cable design, large build- 
ings are put into one of 2 classifications, depending 
upon the expected permanency of stations, both as 
to number and location, as follows: 

1. Office and loft buildings in which telephones do not remain fixed 
either in number or location for any extended period but vary with 


the requirements of the individual, who will use more or less tele- 
phone service according to respective activities. 


2. Hotel and apartment houses in which the number and location of 
telephones are fairly definitely fixed by the number and arrangement 
of rooms or apartments in the building and the telephone service 
required by successive occupants is approximately the same. 


PLANNING FOR REQUIREMENTS 


Unless suitable housing facilities are provided in 
advance for accommodating cables and wires and for 
passing them through the walls and floors, either ex- 
posed telephone installations will result in unsightly 
conditions, subject to possible damage with subse- 
quent undesirable effects on service, or extensive 
costly alterations may be required after completion 
of the building to conceal effectively all cables and 
wires. These systems of housing facilities include 
cable and wireshafts, conduit boxes, molding race- 
ways, underfloor ducts, etc., and are designed to 
conform to the maximum requirements in common 
with the water, gas, electric light, and power conduits 
as an integral part of the building. The vertical ac- 
commodations (for the riser cables) start from the 
basement and rise to the top floor connecting at the 
various floors with horizontal housing facilities, and 
junctions between cable conduits are effected by 
means of splicing closets or splicing and terminal 
boxes whereby complete passage is afforded for 
cable and wire from the basement to the location of 
the station. 

Consideration is given to the intended present and 
future use of a building, the character of its location 
and average rental value in order to design the cable 
plant to meet the conditions. Experience has shown 
that maximum circuit requirements have a definite 
relation to rentable or productive floor area and this 
relation is the basis for both house cable and housing 
system design. Pair density factors expressing the 
relation between rentable or usable floor area and 
cable pairs provided have been developed for certain 
cities by an analysis of the use being made of house 
cable in existing buildings. From these data broad 
averages have been derived in the form of ranges of 
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the number of riser cable pairs per unit of floor area 
which would provide liberal facilities for the develop- 
ments realized. These factors are used in determin- 
ing the amount of facilities to be provided in any 
particular new problem by applying them to the 
rentable or usable floor areas. 


CABLE ENTRANCE AND 
MAIN CROSS-CONNECTING TERMINALS 


The cable entrance point is selected with the ob- 
ject of establishing the shortest satisfactory route 
from the point of connection with the feeder system. 
Cables are preferably attached to walls or ceilings 
rather than to partitions which are subject to removal 
or changes. The number of entrance cable pairs to 
buildings not served largely by one or several local 
switchboards is determined in the same manner as 
the facilities to be provided within the building. 
The number of entrance cable pairs in a building 
having private branch exchange service is designed 
to meet the requirements of one or several switch- 
boards; that is, provide trunk lines, telephone power 
lines, and facilities for outside extensions, if any, in- 
cluding a surplus of pairs to insure adequacy and 
also provide central office feeders for stations other 
than extensions on the switchboard. In some cases 
the building entrance cable includes facilities for 
extensions to the adjacent block plant. 

The main cross-connecting terminal or frame, 
shown in Fig. 1, is usually in the basement at or 
near the foot of the riser shaft or conduit. The spe- 
cific location should be determined upon in advance 
of the building construction in order that the re- 
quired space may be set aside and the necessary hous- 
ing accommodations be installed as the building is 
erected. 
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RISER CABLES AND HOUSINGS 


Riser cables, Fig. 2, are designed as nearly as prac- 
ticable to intersect the floors at the wire centers as 
determined by study of the typical floor plans. Spe- 
cific location for the riser cable housing is preferably 
a permanent corridor partition or in the wall of some 
public place leading from the corridor and easily ac- 
cessible without annoyance to the tenants of the 
building. 

In buildings having large distribution areas or in 
which each floor is made up of several distinct dis- 
tribution areas, 2 or more riser systems may be de- 
sirable, each being used to serve a definite floor area 
centering about it. In office buildings containing 
several riser systems, these systems are tied together 
at certain floors with conduit of sufficient size to 
house a cable containing enough pairs to permit con- 
centrating the entire floor system on any one riser. 

Floor cable and wire housings in combination, af- 
ford passage for the telephone circuits from the riser 
system to the approximate locations of the individual 
telephones. Cable housings extend more or less 
directly from the riser to wiring centers on the floor 
where floor distribution terminals are located and 
where connection is made with the housings for wire. 
The floor cable housing system must accommodate 
a floor distribution cable plant which provides ade- 
quate facilities to meet the demand for telephone 
service on the floor wherever and in whatever quan- 
tity it may be. The first step in the design of the 
system is the determination of the number of cables, 
including terminals which it will house, their loca- 
tion and size. In small buildings, where the amount 
of floor distribution is not extensive, the housing 
system may carry cables and wires together in such 
raceways as hollow moldings or baseboards. In most 


Fig. 1. (Left) Cross connecting frame in building 


Fig. 2. (Middle) Section of house cable system in loft of large office 
building, showing type of riser cable shaft and riser cables 


Fig. 3. (Right) Section of house cable run in loft of large building 
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buildings, however, separate systems for cable and 
wire are necessary, although it is usually quite prac- 
tical and economical to place small cables in lieu of 
wire in housings intended for wire when special 
distribution requirements make this desirable. 


Centrifugal Air Cleaners 
Serve Railway Equipment 


Here is given a description of a railway 
dynamotor-control generator set designed 
for compactness and fitted with centrifugal 
air cleaning device, as used on cars for the 
Lackawanna electrification. 


By 
M. J. BALDWIN 


ASSOCIATE A.1I.E.E. 


General Elec. Co., 
Erie, Pa. 


Tue DESIGN, and particularly the 
ventilation of the dynamotor-control generator sets 
used on the 3,000-volt d-c motor cars in service on 
Delaware, Lackawanna & Western Railroad, involve 
several features which are somewhat unusual for 
electric motor car equipment. This set provides a 
1,500-volt source of power for the compressor and 40 
volts for lights, control, and storage battery charging. 

To avoid encroaching upon available passenger 
space, the set was mounted feet up under the car 
body between the trucks where the ventilating air 
available is likely to be dirty. Because of the long 
ducts that would have been required it was con- 
sidered impractical to obtain an air supply through 
the settling chambers provided over the vestibules 
to supply air for the traction motors (J. C. Aydelot, 
“Motors for 3,000-Volt Multiple Unit Cars,” ELEc- 
TRICAL ENGINEERING, June 1932, p.401). The alter- 
native of totally enclosing the set also was discussed, 
but the machine could be made so much smaller and 
lighter if well ventilated that the idea was rejected. 
Since centrifugal air cleaning devices to furnish 
about the same volume of air already were in use in 
other classes of service, a test machine was con- 
structed with such a device and tests were made 
to determine the cleaning efficiency. On test 
the cleaner performed creditably, removing from 
the air practically all the denser materials such as 
iron filings and a large percentage of the lighter ma- 
terials such as powdered talc. These materials were 
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A self-ventilating duplex railway machine 


selected for the test as being comparable to brake 
shoe dust and fine snow, the two most detrimental 
materials normally encountered. For approximately 
2 years these machines have been in service on 141 
motor cars, without any trouble chargeable to foreign 
matter in the ventilating air. 

General design of the entire set is shown in the 
accompanying sectional view where it may be seen 
that the radial blades of the centrifugal cleaner im- 
part a swirling motion to the entering air which 
causes all particles heavier than the air to be thrown 
to the outer casing of the cleaner. As the air is 
drawn toward the machine by the exhaust fan a 
conical splitter divides air stream; the air near the 
surface of the casing and carrying most of the dirt 
being ejected, and the air remaining at the center 
entering the machine. The clean air then is divided 
further: one stream passes over the commutator, 
around the brush holders, through the air gap and 
the spaces between the field coils, and out through 
the fan and exhaust openings; the other stream 
passes beneath the commutator, through the longi- 
tudinal ducts in the armature cores, and out through 
the fan and exhaust ports. 

Although the control generator is a low voltage 
machine and hence not readily rendered inoperative 
by dirt, a supply of clean air for it, too, is highly 
desirable in order to reduce both brush and com- 
mutator wear by excluding most of the abrasive 
matter from the cooling air. To enable one cleaner 
and one fan to serve the set, the motor and the 
generator are ventilated in series, with the generator 
in second position principally because it is the 
smaller machine and because the low voltage per- 
mitted more flexibility in design. However, since 
the volume of air used is so great that the tempera- 
ture rise of the air in passing through the dynamotor 
is only about 14 deg C, the increase in generator 
size due to the prewarming of the air is unimportant 
and is believed entirely justified by the lower genera- 
tor maintenance. 

Mounting the generator within the dynamotor 
frame, while done primarily to obtain clean air, 
presents several other advantages: 

1. To reduce the over-all length of the set to a minimum, and 
thereby permit a short, stiff shaft to be used, the control generator 
was made abnormally large in diameter and short. As a separate 
machine of this diameter the weight and space of the generator 
would not be economical, but as an addition to machine of inherently 


large diameter, the weight and space requirements actually are 
less than if a smaller diameter had been used, 
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2. The problem of obtaining good commutation was simplified by 
the short length of core which decreases the sparking reactance 
voltage. 


3. The large generator diameter makes possible a large radial air 
space between the bearing and the end windings permitting the 
bearing to be recessed under the fan, thus shortening the set. 


4. Maintenance cost is less because the control generator need not 
be removed before disassembling the armature, as probably would 
have been necessary with an overhung design. 


When operating at a 2,700-volt average trolley 
potential the dynamotor will deliver 4.6 amp from 
the mid-tap for the operation of the air compressor. 
Simultaneously from the control generator a maxi- 
mum continuous output of 4.5 kw at 40 volts is 


Locating Faults 
in Power Cables 


Power cable fault locating is at times 
difficult due to a high initial fault re- 
sistance or an increase of resistance during 
the time locating is in progress. A method 
using a constant current transformer for re- 
ducing high initial resistance and prevent- 
ing its increase, in connection with a short 
circuiting switch to generate signals for 
locating the fault, is discussed in this 
article. A practical assembly of this type 
of apparatus for cable fault locating is de- 
scribed and operating directions are in- 


cluded. 


By 
W. P. TAYLOR 


ASSOCIATE A.1.E.E. 


Consolidated Gas Elec. Lt. 
and Pwr. Co. of Baltimore, Md. 


1 Fe LOCATION of power cable 
faults has been facilitated by the design of the 
portable cable fault locater shown in Figs. 1 and 2, 
combining a constant current transformer and short 
circuiting switch with suitable accessory apparatus. 
Two general methods are in use for locating faults 
in power cables. One of these involves the use of a 
bridge to measure the resistance of a conductor to 
the fault and thus gage its distance from the test 


Esentially full text of “Locating Power Cable Faults by Means of a Constant 
Current Transformer With Short Circuiting Switch” presented at a meeting of 
the A.I.E.E. Baltimore (Md.) Section, May 15,1931. This paper was awarded 
the 1931 A.I.E.E. Middle Eastern District prizes, both for best paper and 
initial paper. 
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available without exceeding a temperature rise of 
85 degrees C by resistance in any winding. 

The set is semi-fabricated and weighs 2,630 Ib 
complete with air cleaner. Provision is made for 
convenient inspection of commutator and brushes 
through openings in the frame normally covered by 
flexible strap girdles. To insure against the high 


voltage of the dynamotor being imposed upon the 
low voltage circuits of the control generator, should 
an arc to ground or a flashover of the low voltage 
dynamotor commutator ever occur, a steel flash 
barrier separates the two commutators which are 
adjacent and in the center of the set. 


Fig. 1. 


Front view of portable cable fault locater 
mounted on a 11/9-ton trailer 


A 50-kw 6.6-amp constant current transformer is used to fur- 
nish current for carbonizing the fault and signaling. The 
low voltage rating is 2,300 volts and 25 cycles. The 2 high 
voltage coils can be connected in series or in parallel; con- 
nections are by wingnut and bolt, with a fiber sleeve for in- 
sulation over the connection. Coil position is regulated 
by the hand wheel. Steel spark gaps limit the maximum 
voltage delivered. The meters on the panel indicate the 
current and voltage being applied to the cable. A 200-va 
potential transformer supplies 2 lights and power to drive 
the rotary shorting switch 


station. The other method, and the one on which 
this portable fault locater is based, requires a signal 
current to be passed through the conductor to the 
fault. With this method an exploring coil is held 
successively at different points along the faulted 
cable, and an audible indication of the fault location is 
given by a head-phone connected to the exploring coil. 

An investigation started several years ago indi- 
cated that the audible signal method was preferable 
and that some scheme was necessary for reducing the 
resistance of high resistance faults, and maintaining 
the fault resistance constant at a low value during 
the test period. These requirements have been 
met in the portable fault locater by the use of a.con- 
stant current transformer for burning and reducing 
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cable faults as well as the generation of a signal cur- 
rent, obtained by means of a rotary switch which 
intermittently short circuits the secondary of the 
constant current transformer. A schematic diagram 
of the cable fault locater is shown in Fig. 3, and the 
rotary shorting switch in Fig. 4.. The great advan- 
tage of this method is that the fault is not lost during 
the process of locating. A not unusual and ex- 
tremely exasperating experience in fault locating 
by some other methods is the frequent loss of faults 
due to healing when low voltage signal current is 
used, requiring repetition of high voltage tests. 


FAULT REDUCTION 


The previously known advantages of a constant 
current transformer for burning a cable fault are 
utilized in this equipment. If a fault exists and the 
voltage applied is high enough to cause an appreciable 
current flow, the fault will commence to carbonize 
and the resistance will be reduced. Where the re- 
sistance is high, advantage frequently may be taken 
of the fact that the capacity of the cable in conjunc- 
tion with the reactance of the transformer may give 
a condition approaching resonance, thus increasing 


Fig. 2. Rear view of portable cable fault locater 


Reels hold lengths of insulated leads for connecting to power 
supply, ground, and faulty cable. These reels can be locked 
in position. Removable handles are used when the leads 
are to be wound up. Suitable clamps are used on the lead 
ends to facilitate connecting. Connection between the 
leads on the reels and the wiring on the trailer is made by 
wingnuts and bolts, with fiber sleeves for insulation 
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Fig. 3. Schematic diagram of cable fault locater 
designed primarily for 13,000-volt power cables 
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the applied voltage in excess of the open circuit 
voltage of the transformer. The different voltages 
which are possible are illustrated in Fig. 5. A spark 
gap connected across the cable eliminates the pos- 
sibility of dangerous voltages in case there is no 
cable fault to retard the rise. 

The initial voltage available for application to the 
cable can be varied by changing the amount of con- 
nected cable capacity or by changing the inductive 
reactance of the constant current transformer 
through a change in coil connection or position. 
The characteristics of the transformer limit the 
current to a safe value, and after reducing the re- 
sistance of the fault, the current maintains this re- 
sistance constant at a low value while the signal 
current is generated by the rotary shorting switch. 
The nearly continuous carbonizing effect of the 
power current is thus obtained simultaneously with 
the sending of the signal. Tests have proved the 
method quite satisfactory in regard to signal quality, 
and in addition a long life of switch contacts is se- 
cured due to the absence of high voltage during 
operation of the shorting switch. 


OPERATION OF CABLE FAULT LOCATER 


The portable cable fault locater shown in Figs. 1 
to 4 is held is readiness in a station where most 
trouble is expected. Tie cables frequently can be 
used to connect the locater to faulty cable at other 
stations. The actual operating procedure for locat- 
ing a cable fault with this equipment may be outlined 
as follows: 


1. As soon as a fault has occurred, the cable in trouble should be 
isolated from all apparatus by opening the pothead disconnecting 
switches. No checking for faulty phase or continuity is necessary. 


2. With cutout and oil switch on the locater open, connections are 


Fig. 4. Rotary switch for intermittently short 

circuiting the secondary of the constant current 

transformer in order to utilize the fault reducing 
current as signal current 


An electric drill with a universal motor is used to supply 

power and reduction gearing. The fixed contact is copper 

and the moving one is sheet brass or bronze. Oil is used 

in the tank for insulating and cooling. An indicator needle 

on the top of the casing and connected by gearing with the 

moving contact shaft shows the position of the moving con- 
tact. A rheostat controls the speed of the motor 
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now nade to ground, a 2,300-volt supply (either 25 or 60 cycles) and 
the 3 conductors of the faulty cable at its pothead disconnecting 
switches. (If isolated phase system is used, test bus can be used, 
tying in at the most convenient point.) 


3. The 2,300-volt cutout on the locater is now closed. A lamp 
now lights on the trailer and indicates the supply is alive up to the 
oil switch. The transformer coils are now set at a maximum dis- 
tance apart. 

4, After first checking that the rotary switch is open, the locater oil 
switch is closed, and the voltmeter is read. If the voltage wavers, 
current is being passed through the fault and it is allowed to burn for 
awhile. Ifthe voltage drops rapidly, the carbonizing is satisfactory. 
If the dropping in voltage takes place slowly it can sometimes be 
speeded by paralleling the secondary coils or moving the transformer 
coils closer together. In any event the burning process must con- 
tinue until the voltage is quite low. For best results it should be 
100 volts or lower with the current at 6.6 amp before the signal is put 
on. 

5. In case the voltage does not vary after the cable is made alive, 
no burning action is taking place. If the voltage shows below the 
open circuit voltage of the constant current transformer, the con- 
nected cable has too great a capacity. To reduce it, reduce the 
number of phases tied to the locater, tying the extra ones to ground. 
Now apply voltage again with the locater. If a voltage above open 
circuit is reached with no evidence of the fault burning, it is probable 
that the faulty phase is tied to ground. Switch phases and try again. 
6. After the fault has properly carbonized, indicated by the voltage 
being steady and below 100 volts at 6.6 amp, the signal is put 
on the cable by running the rotary shorting switch. Listening to the 
phone the speed of the shorting switch is adjusted, by means of the 
rheostat, to give a ticking sound at about 200 cycles per min. 

7. The exploring coil and phone shown in Fig. 6 are carried to cable 
manholes. Hearing the signal in one hole and getting no signal at 
the next hole away from the sending station, indicates the fault is 
between the 2 holes. Care should be taken to place the exploring 
coil on the cable beyond the cable bonds on the side away from the 
sending station. 


A record of voltages and currents, time to car- 
bonize and locate, should be kept together with notes 
on the fault. After a little experience with the action 
of the locater on various type faults, some prediction 
can be made as to the type fault and whether located 
in a wet or dry place. 


ACTUAL CABLE FAULTS LOCATED 


During a period of 11/, years previous to the de- 
sign of the locater described, 26 power cable faults 
on the system of the Consolidated Gas Electric 
Light and Power Company of Baltimore were lo- 
cated successfully by the use of constant current 
transformer equipment, using 15-kw, 30-kw, or 50-kw 
transformers. During this period there was only 
one failure to locate the fault, and this was caused 
by a personal error and was not due to any defect 
in the method. 

Records have been kept for all faults located 
(mostly on 13,000-volt cable) and these show that 
although some stubborn cases required over 2 hr 
from the time voltage was applied until the fault was 
located, the great majority required less than one hr. 
In almost all cases, the fault resistance was reduced 
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Fig. 5. General shape 
of curve of voltage ap- 
plied by a constant cur- 
rent transformer to a 

cable without fault 
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sufficiently in a very few minutes so that the test 
signal could be applied. Voltage readings were taken 
during each test and these show that on 13,000-volt 
paper insulated lead sheath cable, some faults may 
require an initial voltage of 15,000 volts or higher in 
order to start carbonization of the fault. As the 
open circuit voltage of a 50-kw 6.6-amp constant 
current transformer is only about 8,000 volts, the 
value of the resonance relation for boosting this 
voltage is quite evident. The maximum voltages 
measured covered the range from over 15,000 volts 
down to almost zero, indicating a wide range of fault 
resistances. 

In quite a number of cases smoke could be seen 
leaving the duct or could be smelled at the manhole 
near the fault, thus indicating the close presence of 
the burning fault. As the current is limited to 6.6 
amp there is no damage to nearby cables and yet the 
current is sufficient to cause a small amount of smoke 
in most instances, thus assisting in locating the fault. _ 

Two faults in 4,000-volt cables were located and 
these generally required the application of less 
voltage. Three faults in 26,000-volt cables were 
located, 2 of these being in submarine cables. 
The latter cables, being submerged in water, are 
particularly difficult to handle, although the ap- 
pearance of bubbles in the water over the fault may 
assist in the fault location. A large exploring 
coil with simple 2-stage amplifier and head-phones 
carried in a row boat, have been used to locate faults 
in submarine cable, although some difficulty in dis- 
tinguishing the signal was encountered over deep 
water (35 ft) due to the number of foreign sounds 
picked up. In this case, however, the vicinity of 
fault was located, and the cable was pulled up by a 
grappling hook quite close to the actual fault. . 

Although constant current transformers have been 
used previously for reducing cable fault resistance, 
the use of the constant current transformer both for 
reducing the fault resistance and for sending a signal 
to locate the fault is believed to be original. That 
these ideas are practical has been proved by the 
record of successful operation on a large number of 
power cable faults. 
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Fig. 6. Small exploring coil and head-phone nor- 
mally used to locate the manholes between which 
the fault is located 


A larger coil and amplifier are used in special cases where 
it is impossible to put the coil directly on the cable sheath 
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Winter Convention 


Technical Program Announced 


Pr. for the technical program as 
tentatively arranged for the coming winter 
convention of the Institute to be held 
in the Engineering Societies Building, 33 
West 39th Street, New York, N. Y., 
January 23-27, 1933, will convince most 
electrical engineers that more than the usual 
number of papers which are of wide interest 
will be presented. The technical program 
committee has used great care in the selec- 
tion of papers which deal with problems 
most important to the electrical industry 
at the present time. 

Inspection trips, presentation of the Edi- 
son Medal, and entertainment features for 
both men and women are being arranged 
by the various subcommittees and will be 
announced in the January 1933 issue of 
ELECTRICAL ENGINEERING. The chairmen 
of these subcommittees are: convention 
executive committee, C. R. Jones, Westing- 
house Electric & Mfg. Co., New York, 
N. Y.; dinner-dance committee, C. R. 
Beardsley, Brooklyn Edison Co., Brooklyn, 
N. Y.; smoker committee, R. A. Mc- 
Clenahen, United Engineers & Constructors, 
Inc., Newark, N. J.; inspection trips com- 
mittee, W. R. Smith, United Engineers & 
Constructors, Inc., Newark, N. J.; and the 
ladies’ committee, Mrs. E. B. Meyer, South 
Orange, N. J. 


TECHNICAL SESSIONS 


Notwithstanding adverse business condi- 
tions the Institute offers its membership 
an unusual opportunity to hear and take 
part in the discussion of the most recent 
advances that have been made in a number 
of specialized fields of the electrical industry. 
Thirteen sessions in all have been scheduled 
during the 5 days of the convention. These 
sessions have been paralleled so that those 
which hold interests in common conflict the 
least with one another and yet related 
subjects have been grouped close together 
to permit members who cannot stay for the 
entire week of the convention to obtain the 
most that is of interest to them in a shorter 
interval of time. 

Each of several timely sessions have 
evolved from the close cooperation and 
united efforts of more than one committee. 
The communication requirements of rail- 

‘roads will be presented by authors repre- 
senting 5 well known carriers. This session 
is under the auspices of the committee on 
communication, assisted by transportation 
subcommittee; it should prove to be of 
particular interest to engineers in both the 
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- communication and transportation fields. 


In addition, there will be another session 
dealing entirely with transportation prob- 
lems. One of the papers in this session 
will present valuable operating data on the 
Cleveland Union Terminal electrification. 
One of the electrical machinery sessions, the 
lightning session, and several papers in the 
instruments and measurements sessions are 
closely related. The first treats the prob- 
lem of insulation coordination, the second 
deals with lightning and impulse voltage 
experience with insulators and wood con- 
struction, and the third presents the 
measurement of impulse voltages.. The 
papers which in all probability will be 
presented in the above sessions, as well as 
the various other sessions, are listed here- 
with. 


Tentative Technical Program 
Monday, January 23 


10:00 a.m.—Registration 
2:00 p.m.—Opening of Convention 
—(A) Automatic Stations 


Pire LINE PUMPING AND AUTOMATIC CONTROL, 
John Fies, Texas Power and Light Co. 


*THE PRINCIPLE OF CONDENSER DISCHARGE 
APPLIED TO CENTRAL STATION CONTROL PROBLEMS, 
F. H, Gulliksen, Westinghouse Electric & Mfg. Co. 


*PRINCIPLES OF THE DIRECT-SELECTION SYSTEM 
OF SUPERVISORY CONTROL, M. E. Reagan, Westing- 
house Electric & Mfg. Co. 


*OPERATING EXPERIENCE WITH AUTOMATIC 
AND SUPERVISORY CONTROL, J. A. Noertker, The 
Cincinnati Street Railway Co. 


2:00 p.m.—(B) Electric Welding 


*TPRELIMINARY REPORT OF RESEARCH WoRK 
DEALING WiTH NOTTINGHAM’S EQUATIONS AND 
THE BoILING POINTS OF ANODES IN RELATION TO 
THE ANODE Drop IN POTENTIAL, J. L. Myer, 
Lehigh University. 


*A NATURAL ARC WELDING GENERATOR, G. A. 
Johnstone, Great Lakes Electric Mfg. Co., Chicago, 
Ill. 


*TRANSIENTS IN ARC WELDING GENERATORS, 
A. R. Miller, Lehigh University. 


*HicH VELOCITY VAPOR STREAM IN THE VACUUM 
Arc, R. C. Mason, Westinghouse Electric & Mfg. 
Co. 

*PERFORMANCE AND DESIGN OF ELECTRIC 
WELDERS WITH CONTROLLED TRANSIENTS, F. 
Creedy, Lehigh University. 


Tuesday, January 24 
10:00 a.m.—(C) Communication 
COMMUNICATION REQUIREMENTS OF RAILROADS, 


J. L. Niesse, New York Central Railroad Co., and 
R. C. Thayer, Great Northern Railway Co. 


COMMUNICATION SYSTEM ON THE PENNSYLVANIA 
RAILROAD, I. C. Forshee, Pennsylvania Railroad, 


RAILROAD SIGNALING AND TRAIN CONTROL, 
R. B. Amsden and W. M. Vandersluis, Illinois 
Central Railroad. 


MopDERN SIGNALING ON THE READING RAIL- 
ROAD, E. W. Reich and G. I. Wright, Reading Co. 


CENTRALIZED TRAFFIC CONTROL AND TRAIN 
CONTROL OF THE BALTIMORE AND OHIO RAILROAD, 
J. H. Davis and G. H. Dryden, Baltimore and 
Ohio Railroad. 


10:00 a.m.—(D) Rotating Electrical Machinery 


Low-FREQUENCY SELF-EXCITING COMMUTATOR 
GENERATOR, J. I. Hull, General Electric Co. 


Some Facrors AFFECTING TEMPERATURE RISE 
IN ARMATURES OF ELECTRICAL MACHINES, C. J. 
Fechheimer, Consulting Engineer. 


PARALLEL OPERATION OF A-C GENERATORS— 
ACTION OF GOVERNORS AND DAMPER WINDINGS, 
M. Stone, Westinghouse Electric & Mfg. Co. 


SYNCHRONOUS Moror PULLING-INTO-STEP 
PHENOMENA, H. E. Edgerton, Massachusetts 
Institute of Technology. 


Two-REACTION THEORY OF SYNCHRONOUS Ma- 
CHINES—Part II, R. H. Park, Caleo Chemical Co. 


2:00 p.m.—(E) Transportation 


*APPLICATION OF AIR CONDITIONING TO RAIL- 
ROAD PASSENGER Cars, W. C. Goodwin and 
Charles Kerr, Jr., Westinghouse Electric & Mfg. Co. 


*CALCULATION OF SINGLE PHASE SERIES MOTOR 
ConTRoL CHARACTERISTICS, H. G. Moore and 
C. J. Axtell, General Electric Co. 


*OPERATING DaTA ON THE CLEVELAND UNION 
TERMINAL ELECTRIFICATION, F. H, Craton, General 
Electric Co. 


POWER SuPPLY FOR Main LINE RariLtway 
Contact Systems, P. A. McGee, Reading Railroad 
Co., and E. L. Harder, Westinghouse Electric & 
Mfg. Co. 


SIMPLIFIED SPEED CONTROL FOR SINGLE PHASE 
Locomotives, W. A. Giger, Allis Chalmers Mfg. Co. 


Wednesday, January 25 
10:00 a.m.—(F) Education 


ADDRESS—THE PROFESSIONAL DEVELOPMENT 
OF THE ENGINEER, R. I. Rees, American Telephone 
& Telegraph Co. 


10:00 a.m.—(G) Insulation Coordination 


*PROGRESS REPORT ON IMPULSE TESTING OF 
COMMERCIAL TRANSFORMERS, F. J. Vogel, Westing- 
house Electric & Mfg. Co., and V. M. Montsinger, 
General Electric Co. 


*Factors INFLUENCING THE INSULATION Co- 
ORDINATION OF ‘TRANSFORMERS, F. J. Vogel, 
Westinghouse Electric & Mfg. Co. 


*COORDINATION OF INSULATION, V. M. Mont- 
singer, W. L. Lloyd, Jr., and J. E. Clem, General 
Electric Co. 


*RECENT DEVELOPMENTS IN HiIGH-CURRENT 
Mercury-Arc RsctTiFiers, E. H. Reid and C. C. 
Herskind, General Electric Co. 


* SYNCHRONOUS-MECHANICAL RECTIFIER-IN- 
VERTER, S. 5. Seyfert, Lehigh University, 


Thursday, January 26 
10:00 a.m.—(H) Lightning 
*IMPULSE TESTING RECOMMENDATIONS, SUB- 


COMMITTEE ON LIGHTNING AND INSULATORS, Philip 
Sporn, Chairman. 
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*LIGHTNING INVESTIGATION ON TRANSMISSION 
Lines—III, W. W. Lewis and C. M. Foust, 
General Electric Co. 


*LIGHTNING EXPERIENCE ON 132-Kv LINES OF 
THE AMERICAN GAS AND ELECTRIC COMPANY 
System, Philip Sporn, American Gas and Electric 
Co. 


*IMPULSE AND DYNAMIC FLASHOVER STUDIES 
or 26-Kv Woop PoLE TRANSMISSION CONSTRUC- 
tron, A. S. Brookes and R. N. Southgate, Public 
Service Electric & Gas Co., and E. R. Whitehead, 
Westinghouse Electric & Mfg. Co. 


*OPERATING EXPERIENCE WITH Woop UTILIZED 
As LiGutTNInG INsuvaTion, H. L. Melvin, Electric 
Bond and Share Co. 


10:00 a.m.—(I) Electrochemistry and Electro- 


metallurgy 


ADDRESS—INCREASING APPLICATIONS OF ELEC- 
TRICITY TO CHEMICAL PROCESSES, Colin G. Fink, 
Columbia University. 


*LIGHT SENSITIVE INDUSTRIAL PROCESS CON- 
TROL, J. V. Alfriend, Jr., Westinghouse Electric & 
Mfg. Co. 


2:00 p.m.—(J) Instruments and Measurements 


A STANDARD OF Low PowerR Factor, W. B. 
Kouwenhoven and L. J. Berberich, The Johns 
Hopkins University. 


A BRIDGE FOR PRECISION POWER FACTOR 
MEASUREMENTS ON SMALL OIL Sampves, J. C. 
Balsbaugh and P. H. Moon, Massachusetts In- 
stitute of Technology. 


SKIN EFFECT IN RECTANGULAR CONDUCTORS— 
A METHOD OF MEASUREMENT AND EXPERIMENTAL 
Data, H. C. Forbes and L. J. Gorman, The New 
York Edison Co. 


*IMPULSE VOLTAGE TESTING, C. F. Harding and 
C. S. Sprague, Purdue University. 


*THE MEASUREMENT OF HIGH SURGE VOLTAGES, 
P. L. Bellaschi, Westinghouse Electric and Mfg. 
Co. 

*LABORATORY MEASUREMENT OF IMPULSE VOLT- 
AGES, J. C. Dowell and C. M. Foust, General 
Electric Co. 


2:00 p.m.—(K) Industrial Applications 


*CIRCUIT BREAKER PROTECTION FOR INDUSTRIAL 
Crrcuits, H. J. Lingal and O. S. Jennings, Westing- 
house Electric & Mfg. Co. 


* VARIABLE VOLTAGE EQUIPMENT FOR OIL WELL 
Drituinc, A. H. Albrecht, Standard Oil Co. of 
Calif. 

*RECENT DEVELOPMENTS IN ELECTRONIC DE- 
VICES FOR INDUSTRIAL CONTROL, F. H. Gulliksen, 
Westinghouse Electric & Mfg. Co. 


Friday, January 27 
10:00 a.m.—(L) Protective Devices 


FACILITIES IN 
J. H. Neher, 


THE USE oF COMMUNICATION 
TRANSMISSION LINE RELAYNG, 
Philadelphia Electric Co. 


PROTECTION OF ELECTRICAL APPARATUS—REC- 
OMMENDED PRACTISE, RELAY SUBCOMMITTEE, O, 
C. Traver, Chairman. 


A SEQUENCE RELAY FOR NETWORK PROTECTORS, 
H. S. Oreutt, United Electric Light and Power Co., 
and M. A. Bostwick, Westinghouse Electric & Mfg. 
Co. 


Passe SEQUENCE ReELAyInG, H. R. Searing, 
The New York Edison Company and The United 
Electric Light & Power Co., and R. E. Powers, 
Westinghouse Electric & Mfg. Co. 


10:00 a.m.—(M) Selected Subjects 


HicHER STEAM PRESSURES AND ‘TEMPERA- 
TURES—A CHALLENGE TO ENGINEERS, M. D. 
Engle and I. E. Moultrop, The Edison Electric 
Illuminating Co. of Boston. 


*ACTIONS TAKEN BY THE SYMBOLS, UNITS, AND 
NOMENCLATURE COMMITTEE OF THE INTERNA- 
TIONAL UNION OF PURE AND APPLIED PHYSICS, 
A. E. Kennelly, Harvard University. 
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EMPIRICAL EQUATIONS FOR THE MAGNETIZATION 
Curve, J. P. Barton, Milwaukee, Wis. 


{Tensor ANALYSIS OF ROTATING MACHINERY, 
Gabriel Kron, United Research Corp. 


2:00 p.m.—(N) Research and Applied Electronics 


THE DIELECTRIC Losses IN IMPREGNATED 
ParPerR, J. B. Whitehead, The Johns Hopkins 
University. 


APPLICATIONS OF HARMONIC COMMUTATION FOR 
THYRATRON CONVERTERS, C. H. Willis, Princeton 
University. 


*IGNITION OF ARCS IN VAPOR DISCHARGE TUBES, 
J. Slepian and L. R. Ludwig, Westinghouse Electric 
& Mfg. Co. 


*CAPACITANCE AND Loss VARIATIONS WITH 
FREQUENCY AND TEMPERATURE IN COMPOSITE 
INSULATION, H. H. Race, General Electric Co. 


* These papers are under consideration for 
presentation at the winter convention, but up to 
date of going to press have not been officially 
placed upon the program. 

+ These papers will not be published in advance 
form by the Institute but copies may be made 
available by the respective authors. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At the technical sessions papers will be 
presented in abstract, 10 min being al- 
lowed for each paper unless otherwise ar- 
ranged, or the presiding officer meets with 
the authors preceding the session to ar- 
range the order of presentation and allot- 
ment of time for papers and discussion. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 min are allowed 
each discusser. When a member signifies 
a desire to discuss papers on other subjects 
or groups, he shall be permitted a 5-min 
period for each subject or group. 

It is preferable that a member who wishes 
to discuss a paper give his name before- 
hand to the presiding officer of the session 
at which the paper is to be presented. 
Copies of discussion prepared in advance 
should be left with the presiding officer. 
Each discusser is to step to the front of the 
room and announce, so that all may hear, 
his name and professional affiliations. 
Discussions at the technical sessions are 
not reported. To be considered for publi- 
cation, discussions should be written and 
mailed to the A.I.E.E., Editorial Depart- 
ment, 83 West 39th Street, New York, 
N. Y., on or before Feb. 10, 19388. 


Electric Railway Association Changes 
Name.—At the Annual Business Meeting of 
the American Electric Railway Association 
held in Chicago, Illinois, the last week in 
September 1932, the name of this associa- 
tion was changed to the American Transit 
Association. It is felt that the new name 
more accurately indicates the scope of the 
association’s functions and activities and its 
interest in the transportation business. 
The change in name has been under con- 
sideration for several years. To be con- 
sistent with the name of the parent associa- 
tion, the names of the 4 affiliated associa- 
tions were also changed at that time and are 
now the American Transit Accountants’ 
Association, American Transit Claims Asso- 
ciation, American Transit Engineering 
Association and American Transit Operating 
Association, 


Utah Section 
Offers Prizes for Papers 


Prizes amounting to $25 have been 
offered by the Utah Section for papers pre- 
sented before that Section by its members, 
according to announcement at the Sec- 
tion’s October 10, 1932, meeting in Salt 
Lake City, by Dr. J. H. Hamilton, chair- 
man of the Section’s program committee. 
Excerpts from the announcement follow: 

“To encourage members of the Utah 
A.I.E.E. Section to present papers before 
the local Section the executive committee 
has voted $25 for prize awards. .... first 
prize $15, second prize $10. Papers are 
to be judged by 3 judges appointed by the 
executive committee, and prizes will be 
awarded at the final meeting of the Sec- 
tion. To facilitate the management, the 
following rules have been established: 


1. “The contest is open to an Institute 
member of any grade and to any person 
whose application for membership is in 
process. Application for admission to the 
contest is to be made to the Section secre- 
tary before November 15, 1932, : 
[stating] a tentative title of the paper, the 
approximate length, and the choice as to 
date of delivery.” 


2. “The valuation governing the grad- 
ing of the Section papers in determining the 
prize award will be identical with those 
used by the national committee in deter- 
mining the award of national prizes.” 


Student Conference Held 
by South West District 


A Student conference of the Institute’s 
South West District, No. 7, was held 
October 21 and 22, 1932, at the University 
of Oklahoma, Norman. In addition to 
the 4 members of the faculty and 50 junior 
and senior students from the University of 
Oklahoma, there were present 106 from 
other colleges and the Oklahoma City 
Section. Attendance of the chairmen and 
counselors, as shown in Table I, was ex- 
ceptionally good. The absence of the 3 
counselors who were not present was un- 
avoidable. 

Two meetings of the Branch counselors 
and Student chairmen were held. Con- 
siderable discussion was centered on the 
present practise in this District of award- 
ing prizes for student papers other than 
the Institute’s usual national and District 
prizes for Branch papers. It was felt that 
an element of unfairness resulted 
from the fact that some of the colleges in 
the District required undergraduate re- 
search and theses, whereas others had no 
such requirements. In order to obviate 
this difficulty a motion was passed to the 
effect that although technical sessions would 
be held at future meetings, papers by 
students of the various Branches would not 
be put in competition, ranked, or prizes 
offered for the best paper. Other problems 
discussed at these meetings included means 
for increasing attendance, improving in- 
terest and making the Student Branch more 
as an introduction to membership in the 
Institute after graduation, 


ELECTRICAL ENGINEERING 


Three technical sessions were held, at 
which 10 Student papers were presented. 
The paper entitled, ““The Development of a 
Medium Priced High Quality Micro- 
phone,” by J. D. Martin, Jr., of the Missouri 
School of Mines and Metallurgy, was de- 
cided to be the best paper presented at 
this session, and his Branch was awarded 
the bronze plaque offered this year by the 
Oklahoma City Section. The other Student 
Papers presented were as follows: 

CONSTRUCTION OF WNAD, by Wilmer Ragsdale 
and Bryan Cole, Okla. Univ. 

RECENT DEVELOPMENTS IN THE METERING OF 


TRANSMITTERS FOR BROADCAST 
R. D. Compton, Kansas State Col. 


SomME FUNDAMENTALS oF INDUCTIVE COORDINA- 
TION, by David Sussin, Texas Univ. 

INFLUENCE OF VOLTAGE VARIATIONS ON INDUC- 
TION Motor CHARACTERISTICS, by L. C. Wasson, 
Arkansas Univ. 

Economics oF RuRat LINE DISTRIBUTION, by 
B. E. Lowe, Okla. A. & M. Col. 

A DEVICE FOR DEMONSTRATING SYMMETRICAL 
CoMPONENTS, by Stanley Fish and Austin True, 
Univ. of New Mexico. 

An ULTRA SHORT WAVE TRANSMITTER, by 
G. C. Hutcheson, Texas A. & M. Col. 

COMPARISON OF STROWGER TyPE WITH PANEL 
Type AUTOMATIC TELEPHONE EQUIPMENT, by 


SERVICE, by 


ELECTRICAL ENERGY, by M. P. Jones, Southern R. C. Jackson and L. D. Weiser, Univ. of 
Methodist Univ. Kansas. 
Table I—Counselors and Chairmen Present 
ee 
* Branch Student 

College Counselor Chairman 
Uiniversityiot Arkansas. <ts c. sec 0s Aa csicen ds wie, Wp Stelzner. 3) ano elas @e Wasson 
RCATISAS StALei COMERE ce nei. sp.082 av nit rt 4 2) via vint aioe Re Kloeffler................G. D. Ferguson (v-chm.) 
WRIVeErsity, OF HCANSASS cancun ae sie adoee ne Gelenteea a DS Jackson ir. ssns coun op oR Cy jackson 
Missouri School of Mines..........5..050000000]e TeOvett fered ss sen nee seviartin 
Waiverstly OF IMASSOULL ccc); calee eos toe. dels eae Ma Pe Weinbach®s. 5.0 occ07055--2As D. Coffman 
iMIverslLyaOLON We NECKICO seis) ict sf: Senta: vrs wie viele, wvaete o)hindis ie Geta sake dace as Stanley dish 
OitahonmawA. oie COMEPE we chnniin cs setae eT ING CCE 4 6s hv hoe n paste enue Re ELollis 
Waiversitysor- Oklahoman de sores ose OKs G.Lappant., a. a02ccee... kb. By Moody. 
RACEMIC UIEUCG teenie ear an ene ee en ak) See WW ALEES ce. endo RO Ranger 
NouthersMethodisl Universityans..62.-.. +. «14. Bs Baffman..........9.4...R. P) Lindsley 
AS Scie ‘College of “Dexas says cee nce as ~.e, Cy Dillingham®,....,...-2-..G,. H. Samtels 


Texas Technological College.............. £ oe 
Wriversityeoh Pexas \wiaesicncd se sie obs) sGecee ae 
Wi ASHINE Lon! Universit yc san. coisa stan ate hese sfeincsse.s 
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reston Conner 
. C. Sperry 
. E. Keiser 
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Changes Made in 


A.1|.E.E. Prizes for Technical Papers 


Auruors who plan to present papers 
before the Institute during the calendar 
year 1933, those who have presented papers 
during 1932, and others who may wish to 
submit papers for prizes, would do well to 
bear in mind that such papers are eligible 
for consideration for Institute prizes. 
These awards are made each spring for 
the preceding calendar year, and fall into 
2 main classes, national and District prizes. 

On account of the reduced income of the 
Institute, the board of directors decided 
to omit the cash awards for papers pre- 
sented during the calendar year 1932, 
except that a payment of $25 in cash will 
accompany each District Prize for Branch 
Paper. All certificates will be issued as 
usual, those for national prizes signed by 
Institute officers, and those for District 
prizes signed by the officers of the Districts 
concerned. In cases of joint authorship, 
a certificate will be issued to each author. 


NATIONAL PRIZES 


The national prizes which may be 
awarded at the discretion of the com- 
mittee on award of Institute prizes are as 
follows: 

1. Prizes for best papers in (1) engineering practise, 


(2) theory and research, and (3) public relations 
and education. 


2. Prize for initial paper. 
8. Prize for Branch paper. 


The national prize for best paper in 
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each of the 3 classes indicated may be 
awarded to the author or authors of the 
best original paper presented at any na- 
tional, District, or Section meeting of the 
Institute, provided the author, or at least 
one of coauthors, is a member of the 
Institute. 

The national prize for initial paper may 
be awarded to the author or authors of the 
most worthy paper presented at any na- 
tional, District, Section, or Branch meeting 
of the Institute, provided the author or 
authors have never previously presented 
a paper which has been accepted by the 
technical program committee, and the 
author, or at least one of coauthors, is a 
member of the Institute or is a graduate 
student enrolled as a Student of the In- 
stitute. 

The national prize for Branch paper 
may be awarded to the author or authors 
of the best paper based upon undergradu- 
ate work presented at a Branch or other 
Student meeting of the Institute, provided 
the author or authors are Student Branch 
members. 

All papers approved by the technical 
program committee which are presented 
at any meeting will be considered by the 
committee on award for the prizes for 
best paper and initial paper without being 
formally offered for competition. All 
papers other than those presented to the 
technical program committee must, in 
order to receive consideration, be submitted 


in triplicate with a written communication 
to the national secretary on or before 
February 15 of the year following the 
calendar year in which they were presented. 
This may be done by the author or authors, 
by an officer of the Institute, or by the 
executive committees of Sections, or Geo- 
graphical Districts. 


DISTRICT PRIZES 


The following District prizes may be 
awarded each year in each Geographical 
District of the Institute. 


1. Prize for best paper. 
2. Prize for initial paper. 
38. Prize for Branch paper. 


A District prize may be awarded only 
to an author who, or to coauthors of whom 
at least one, is located within the District, 
and for a paper presented at a meeting 
held within, or under the auspices of, the 
District. 

The District prize for best paper may be 
awarded for the best paper presented at a 
national, District, or Section meeting, 
provided the author, or at least one of 
coauthors, is a member of the Institute. 

The District prize for initial paper may 
be awarded for the best paper presented 
at a national, District, Section, or Branch 
meeting, provided the author or authors 
have never before presented a paper before 
a national, District, or Section meeting 
of the Institute, and the author, or at least 
one of coauthors, is a member of the 
Institute or a Graduate student enrolled 
as a Student of the Institute. 

The District prize for Branch paper may 
be awarded for the best paper based upon 
undergraduate work presented at a Branch 
or other Student meeting of the Institute, 
the author or authors of which are Student 
Branch members. 

All papers to be considered in compe- 
tition for District prizes must be sub- 
mitted in duplicate by the authors or by 
the officers of the Branch, Section, or 
District concerned to the District com- 
mittee on awards on or before January 10 
of the year following the calendar year 
in which the papers have been presented. 

Copies of a pamphlet entitled “National 
and District Prizes’? may be secured, with- 
out charge, upon application to Institute 
headquarters. 


Dr. Langmuir Awarded 
Nobel Prize in Chemistry 


The Nobel Prize in chemistry for 1932 
has been awarded to Dr. Irving Langmuir, 
associate director of the research laboratory 
of the General Electric Company, Schenec- 
tady, N. Y. The award will be presented 
to him in Stockholm, Sweden, on December 
10, 1982. 

Dr. Langmuir was born in Brooklyn, 
N. Y., 1881. He graduated from the 
School of Mines of Columbia University in 
1903 and received his master’s degree and 
that of doctor of philosophy from the Uni- 
versity of Goettingen, Germany. Honorary 
degrees have since been awarded him by 
several institutions. Between 1906 and 
1909 he was instructor in chemistry at the 
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Stevens Institute of Technology, Hoboken, 
N. J., and since 1909 has been connected 
with the research laboratory of the General 
Electric Company. 

One of Dr. Langmuir’s early achieve- 
ments was the development of the high 
intensity incandescent lamp, the bulb of 
which contained small quantities of either 
nitrogen or argon. It has been stated that 
the cost of energy required for electric 
lighting in this country has been reduced 
about 50 per cent by this gas filled lamp. 
Growing out of this work with the in- 
candescent lamp were important dis- 
coveries in the field of the vacuum tube. 
The vast development of radio broad- 
casting and the use of the vacuum tube in 
electrical control operations and similar 
fields can be traced largely to Dr. Lang- 
muir’s discoveries. His discovery of the 
atomic hydrogen method of electric welding 
also was of great importance, as this permits 
the welding of metals which formerly could 
not be joined. His many published papers 
are considered by scientists to be of con- 
siderable value. Dr. Langmuir has been 
particularly interested in the mechanism of 
chemical reactions taking place on solid 
surfaces and is now working out the laws 
according to which atoms and molecules 
distribute themselves over surfaces, forming 
single layers of atoms. These laws are of 
importance in understanding many simple 
phenomena, such as those of the spreading 
of oil films on water and of lubrication. 

Dr. Langmuir has received many pre- 
vious honors. The Nichols Medal was 
awarded to him by the New York Section 
of the American Chemical Society, first in 
1915 for his work on chemical reactions at 
low pressures, and again in 1924 for his work 
on atomic structure. In 1918 he received 
the Hughes Medal from the Royal Society 
of London in recognition of his researches 
in molecular physics. The Rumford Medal 
was awarded him in 1920 by the American 
Academy of Arts and Sciences for the 
thermionic researches and his gas filled in- 
candescent lamp. The Royal Academy of 
Lincei, Rome, Italy, presented its Cannizaro 
Prize to him in 1925; he received the 
Perkins Medal in 1928 and the Chandler 
Medal in 1930. Earlier this year Popular 
Science Monthly awarded him its annual 
medal and honorarium of $10,000. Dr. 
Langmuir is a past-president of the Ameri- 
can Chemical Society and is a member of 
many scientific organizations. 


So. Calif. Edison 
Names New Executives 


According to news dispatches under date 
of October 19, the board of directors of the 
Southern California Edison Company, Ltd., 
Los Angeles, has named G. C. Ward (M’24) 
as its president and H. J. Bauer as chairman 
of the Board. 

These new officers will fill vacancies 
caused by the death in April 1932 of the 
company’s former board chairman, J. B. 
Miller, and in August of its former presi- 
dent, R. H. Ballard. Mr. Bauer has been 
an Edison director for some time; Mr. Ward 
has been a company official for many years. 
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Data Conc erning Appropriations for the 60 Local Sections of the Institute for the 
Appropriation Year Ending September 30, 1932 


Section 
Appropria- Net Amounts 
Section tions as of Paid to 
Member- Aug. 1, 1931, Sections in Net Savings Percentages 
ship as of as Provided Accordance From Normal of Normal 
Aug. 1, by the With Agree- Appropria- Appropria- 
1931 Bylaws ments tions tions Saved 
1. Sections that did not indicate acceptance 
of 10% deduction, but which never- 
theless show expenditures of less 
than the annual appropriation 
Connecticutang erie en 208% orci $ 488.00..... Gee 264 tae § 173.28... 2.3 39.5 
TOW ve Soe oat eeu ce 62) ORY AMO RS sete 985497 wren UBT atWI GG 58.4 
Wehighy Valleyaens cients Dy fae en 446.00..... 220 <Ovasrra 25 O8iun ants 5.0 
Nebraska ttytie te ates Liss ern 230.00 bh Ae ae U70328 aes 74.0 
New: Workist thy: cute starve inis B08 wa. VOR SAH br Gah. rie A OUUe2S aie 20d aac 4.8 
WLP ANA. os nie dace oats SOs ST OOF aaa CONT Gia 160.24..... 76.0 
Worcestersinycceneat saaerite CL et. 23600 a 41 O00 ser 95;00M ioe 40.0 
2. Sections that have accepted 10% deduc- 
tion of normal appropriation but 
have not yet rendered final report 
of expenditures for year ending 
September 30, 1932 (thus indicating 
a possible additional saving) 
Hotistonin fassocc tase te TV oe 246.00..... 221 400% 200 ba. So | *10.0 
Dy ia Re eae ees ohovee ee orale 309.00..... 527 SLO Wee ews #3000 ee *10.0 
Madisonesticr ion c bates Sievers Ik 230700 *207/,00c a va *23 OOM *10.0 
Seathle wikia cmyele caret 21S dese 893005 Wow mes or Veron ae *39:-80h 1) oom *10.0 
3. Sections that did not accept 10% deduc- 
tion and expended full appropriation 
MexiGomnsinttn. mc ato tual ieee oy. ane 269.00..... 269 .00 ONO) ncaa 0.0 
Milwauleetwsraann fanned DPN ersten es 396.00..... 896), 00 arrenie ONOD RE 0.0 
Providencer marci sep ttcye SOM nas 255:.00.0 04 255.00 one ORO neta 0.0 
Rochester stain en acai ae OSL 27.8. OO VRE OU dag o O10 sated 0.0 
4. Sections that did accept a deduction of 
10% or more from normal appro- 
priation 
AKT ONE rhe peers cet ene TOS nie 250-0050... 225.00..... ZO. O0n anes 10.0 
Atlantalsitas ona teehee ae VODs eer. PHA EAN Ny dBc, 249).80 ese cs PY RBrAIYE fico 10.0 
Baltimoreck oy fe ce ee VA ly Sie ts 392200 2G 852.80. 2-6 3920s. 10.0 
BOStOniaandls, cutee aie imcwocre Ol ores 688.00..... 619.2052. 68. 80\re-ae 10.0 
Chicagonct act vanes orn hind TOO Scare 127 Or OO wenn ate L46270- ae 127580 sae 10.0 
Cincinnati: cctv ae Mee 168.,... 343.00..... CoO IR AD) Ss Frnt 34.30..... 10.0 
Slevelandiiaevrrancaseeaned QT 4 cars 449.00..... 404510 ...4 44.90..... 10.0 
Columb uSreenvaans onsen G2ey fen. 2372005. ce. BARBY At Ona cr PA Vee, a5 10.0 
Dallastnr ais cusses cee LL4e hose 289-00), aire 20071 Om. er 287907. 10.0 
Wenveris «dda cele sie sso W54 eee 329.00... 4 206 LOL mare: 32), 90. ences 10.0 
Detroit-Ann Arbor......... 310.., 485.00..... 436.50..... 48.500 ns 10.0 
rien ie trusteercir sete ore okies 99 scans 274./00..... 246. GOm cic. 207 AO armies 10.0 
RortiWaynesnoc.. caches SO heen 255-00 nia LOGON ean $8302. 22.8 
Blonida schusteaic seer ee ite gO ee PAL AAC IO VSG. csi 108.45..... LOS 5567.58 50.0 
Indianapolis-Lafayette..... SSicvtas 263:0085.0) DAS rss 6 26580. ; 10.0 
Uthaca..:.maoteun melds maior. IO Satro cee 13. O0n Snir LOLS OCS ae VEO Ho 10.0 
KeansasiCityn sidtastientaire OS. cess 833; 00m, 4°) wy @ 0 8800 ak 10.0 
Wos/Angeles........-.0.-- ee CA Creme 6520087 en S765 45en.c TOnSOeeee 11.5 
Woiisville:s cs a attr sth ta crete Bota 228.00..... 20Gb caOueeiens 22.80..... 10.0 
Memphis.) tansstrin ate Boies 228.00... 206; 2O0cart 22780) canes 10.0 
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Niagara Frontier.......... Uy Aoi yeas SOL 200% es.cn 315.90..... S000. ae 10.0 
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5. Section Inactive During the Year 1931-32 
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Total Sections—60...........-000ee 24,943.67..... *21,656.39..... ¥*3,286.38...*13.2% 


* Tentative figures pending receipt of reports from Sections listed in Item 2. 
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55 Sections Have Assisted 


in Meeting Reduced 1931-32 Budget 


Bicause of the reduced income of the 
Institute, the board of directors at its 
meeting held on October 23, 1931, adopted 
a budget of proposed expenditures for the 
year 1931-2 materially lower than normal, 
and invited the Sections to cooperate with 
the board by keeping their expenditures 
at least 10 per cent below the amounts 
which would have been available under 
the provisions given in the bylaws. The 
board of directors requested that a state- 
ment be published after the close of the 


Summarized Review of 


year giving full credit to all Sections for 
their cooperation and showing the per- 
centage of reduction attained by each. 
This information is given in the accom- 
panying tabulation. 

The splendid cooperation extended by 
a large majority of the Sections is sincerely 
appreciated and has been of great assis- 
tance in the efforts to reduce Institute ex- 
penditures wherever practicable without 
interfering seriously with any of the ac- 
tivities. 


Baltimore Meeting Discussions 


Principat discussions of the Baltimore 
Meeting papers are summarized herewith. 
The papers to which these discussions refer 
were abstracted in ExpecrricaL ENGI- 
NEERING for September 1932, p. 659-62. 
Only discussion submitted in writing in 
accordance with governing A.I.E.E. rules 
is summarized. Complete discussion, to- 
gether with all approved papers, will be 
published in the TRANSACTIONS. 


POWER CABLES 


R. J. Wieseman (Passaic, N. J.) discussed 
the historical background of submarine 
cable installation leading up to the 115 kv 
Columbia River crossing. He felt that 
these recent installations of long-length 
high-voltage cables should be a source of 
comfort and encouragement to the utilities 
in solving their future transmission prob- 
lems. Cable manufacturers have elimi- 
nated the cable as the “neck in the bottle” 
of best design of large, high voltage power 
‘transmission system. 

Thermal Transients and Oil Demands.— 
F. H. Builer (Schenectady, N. Y.) in his 
discussion of this subject expressed the 
belief that all who have occasion to make 
temperature-transient or oil-demand cal- 
culations on cables are indebted to the 
authors for the simplifications which they 
have devised to render computations less 
laborious. The discusser had found charts 
1 and 2 of the paper useful in obtaining 
approximate values of the roots of equation 
6. He believed their limitations were in 
the mechanics of reproduction rather than 
in the underlying theory. The method of 
evaluating the coefficient cn described by the 
authors was believed to be simple in theory 
and usually useful in practise, particularly 
if only 3 terms of the infinite series for tem- 
perature and oil demand are required. He 
suggested a mathematical solution and pre- 
sented equations for use in cumbersome cases 
where more than 3 terms are required. 

E. A. Church (Boston, Mass.) also 
discussed this subject. One of the im- 
portant facts that he emphasized was that 
the temperature and oil demand equations 
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for load suddenly applied (unit function 
in Heaviside terminology) are functions 
of the constants of the cable only. A 
graphical method was described that 
facilitated evaluation of the integral and 
overcomes the practical difficulties en- 
countered in solving for the coefficients 
and exponents of each term of the series. 

Another discussion by R. J. Wieseman 
expressed appreciation for the complete- 
ness of the analysis of this subject and 
the excellent charts developed to simplify 
the labor of making calculations of ther- 
mal transients or oil demands. Researches 
have shown internal pressures in solid 
cable to be much higher than realized. 
High pressures have been formed at the 
conductor and sheath without indication 
of a positive pressure in the middle of the 
insulation. This has not been fully under- 
stood, but Mr. Wieseman believed that a 
mathematical analysis along the lines of 
this paper might offer an explanation. 

Traveling Wave Voltages—L. V. Bewley 
(Pittsfield, Mass.) in discussing this paper 
expressed the belief that, when taken in 
conjunction with an earlier paper dealing 
with the experimental work, it formed a 
comprehensive treatment of the problem. 
He suggested and illustrated with equa- 
tions ‘several ways for increasing the 
generality of the paper. 

J. E. Clem (Schenectady, N. Y.) dis- 
cussed this subject and analyzed the 
voltages set up in a cable at the end of a 
transmission line by the impact of a travel- 
ing wave. Calculations were made in two 
ways: one on the basis of lumped capaci- 
tance, the other taking into account the 
distributed constants of a cable. A com- 
parison of these calculations and a com- 
parison with the test results indicated that 
the need of cable protection can be de- 
termined by calculations made on the 
basis of lumped capacitance. It was rec- 
ommended that any cable installation 
less than 4,000 ft in length be checked to 
determine the possible need of protection. 
If the cable at the exit end is connected 
to a transformer, or a very high surge 
impedance, protection should be applied. 


TELEPHONE CABLES 


Electrical Testing in Wire Plants.—W. 
A. Del Mar (Yonkers, N. Y.) in discussing 
this subject described some of the early 
methods of testing in electric wire manu- 
facture and advocated the use of high 
frequency alternating current. He asked 
the authors why a frequency of a few 
hundred cycles was used when by the use 
of higher frequencies shock hazard could 
be avoided, a spark of greater searching 
ability obtained, and the necessity of 
grounding the wire avoided. He regarded 
the high frequency spark as especially 
useful in finding ‘‘pinholes’ or other air 
openings in the insulation, but not reliable 
as a test for the dielectric strength of a 
patch. 

Another discusser, R. J. Wieseman 
(Passaic, N. J.) inquired as to the speed 
at which the wire travels through the 
testing outfit, the voltage and time values 
used in making the water test, and the 
limiting thickness of insulation that could 
be adequately tested by the spark method. 

Pulp Insulation—W. A. Del Mar (Yon- 
kers, N. Y.) discussed this subject and 
inquired concerning the flexibility of this 
insulation when applied in layers as heavy 
as 50 mils or more. In regard to the 
authors’ suggestion of new applications, 
he asked if any of these had materialized 
in the interim since the writing of the paper. 

R. J. Wieseman (Passaic, N. J.) asked 
about the nature of the wood pulp now 
used, with special reference to the possible 
use of spruce fiber. He also asked if the 
method of insulating the conductors and 
assembling would result in a firmer cable. 
In regard to the antimony-lead sheaths 
of telephone cables, he inquired if pure 
lead had been considered for cases where 
the cable is drawn into ducts. 

L. S. Ford (Kearny, N. J.) explained 
that pulp insulated wire fitted very well 
into the unit idea of cable layup. The 
construction has been standardized for 
24-gage as well as 26-gage pulp cable and 
it is just being applied to 22-gage pulp 
cable. Pulp has not as yet resulted in a 
new line of cable, but in a new type of an 
existing series of Nos. 24 and 26 exchange 
area cables that are lower in first cost and 
that compare very well in quality with the 
ribbon-insulated cables which they dis- 
place. He predicted that in the future, 
advantage will be taken of the considerable 
range of values in weight and diameter 
admitted by pulp. 

Use of Cables for Telephone Distribution 
Purposes.—J. A. Cadwaller (Pittsburgh, 
Pa.) discussed this subject and described 
a buried cable distribution system recently 
installed in a high class residential de- 
velopment near Pittsburgh. The land 
company reserved a 10-ft strip along the 
rear property line for the utilities, pro- 
vided trenches for the cables and excava- 
tions for the splicing boxes. Conduits 
from the houses to the nearest splicing 
boxes were provided by the individual 
property owners. The telephone company 
furnished and installed tape armored dis- 
tribution cable, splicing boxes, terminals, 
and 1- or 2-pair lead covered cable from 
the splicing boxes to the houses. The 
entire cost of this distribution system to 
the telephone company closely approxi- 
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mated the estimated cost of an aerial cable 
job on jointly occupied poles. 

L. F. Cromwell in his discussion in 
connection with this subject emphasized 
the importance of careful cable-pair multi- 
plying in the design of the cable plant so 
as to effect a minimum plant investment 
and minimum annual charges consistent 
with good service. The real test, he 
thought, is not encountered when the 
installation is first completed, but rather 
when service has increased to such ah 
extent that the cable had a majority of 
its pairs in use. 

Another discussion by C. L. Garrett 
gave consideration to factors which may 
tend to reduce the intelligibility of speech 
reception such as noise, crosstalk, and 
distortion. He pointed out that these 
factors must be considered and allowance 
made for them in the design of the plant. 


Economic ASPECTS OF WATER POWER 


A. E. Bauhan (Newark, N. J.) stated 
that the paper on this subject treated the 
relative economies of water and steam 
power in a thorough and sound manner. 
One of the points brought out in this dis- 
cussion was in connection with the intro- 
duction of the time element, which brings 
with it the uncertainties of future loads 
and future competitive plant costs. The 
curves in the paper, plotted on the basis 
of percentage of capacity installed, may 
show a hydroelectric cost, after the initial 
development, materially below the hydro- 
electric value and one must not draw from 
them the conclusion that the project is 
economically justified. The discusser sug- 
gested going a step further and plotting 
hydroelectric costs and hydroelectric value 
against years. 

William McClellan (New York, N. Y.) 
pointed out some of the merits of the same 
paper. He recommended the reading of 
the paper by every young engineer, not 
only for the immediate subject of the dis- 
cussion, but also for the method the author 
used which, he said, gives a comprehensive 
treatment of a most intricate subject. 

R. E. B. Sharp (Philadelphia, Pa.) in 
his discussion of the paper considered the 
performance obtained by the dual opera- 
tion of pumps and turbines. He consid- 
ered the case of the design of a centrifugal 
pump provided with short vanes having a 
large angle between these vanes (at dis- 
charge) and the tangential. When operat- 
ing as a pump the losses due to diffusion, 
caused by too great an angle between 
the vanes, and consequently too great a 
rate of area expansion, would result in 
relatively low efficiency as a pump. How- 
ever, the steep vane angle and short pas- 
sages would tend to give relatively high 
efficiency as a turbine. He thought that 
there was no basis for the efficiency of any 
centrifugal pump necessarily being the 
same when operating as a pump as when 
operating as a turbine. 

J. E. Stewart (Pittsburgh, Pa.) con- 
sidered that the paper clearly brought out 
the modern conception that the main value 
of the utility hydroelectric plant, where 
there is not a high minimum stream flow, 
was its capacity. He felt that, unless the 
flow at hydroelectric stations was backed 
by natural storage or relatively low cost 


878 


artificial storage, energy costs for hydro- 
electric plants usually could not compete 
with energy from modern steam stations. 

Another discussion by Ireal A. Winter 
(Birmingham, Ala.) called attention to the 
value of this paper, particularly the part 
dealing with hydroelectric regeneration 
equipment. He believed the time is fast 
approaching when the conception of a wide 
use of hydroelectric regeneration will mature 
into a concrete fact. 


SAFE HARBOR PROJECT 


J. R. Baker (Baltimore, Md.) in his 
discussion of this subject drew attention 
to the progress in hydroelectric design that 
has occurred in recent years. A comparison 
of this plant with the Holtwood plant de- 
signed some 20 years earlier showed a 
striking economy of building volume in the 
design of the Safe Harbor plant. By 
more skillful arrangement the building 
mass and structure also were applied to 
better purpose. The great advance in 
hydraulic design was well illustrated by the 
fact that the controlled water path through 
the Safe Harbor plant, not withstanding its 
smaller dimensions, is twice as long hori- 
zontally as that in the Holtwood plant. 

F. H. Hollister (Chicago, Ill.) in con- 
nection with this subject cited the ad- 
vantage of flat efficiency curves and the 
advances made in steam turbine and boiler 
room efficiencies during the last 10 years. 
He believed that this has made imperative 
the improvement of the over-all all-day 
efficiency of the hydroelectric station or 
else greatly reduce the investment pet- 
missible in a low head hydroelectric plant. 
He also referred to the wisdom of making 
provisions for automatic bus protection. 

A. H. Hull (Toronto, Canada) discussed 
several features about the development, 
in order to bring out at greater length some 
of the considerations that led to the con- 
struction adopted. He was impressed 
with the thorough manner in which the 
many design problems had been handled, 
and with the result of a superstructure of 
pleasing appearance that permitted a com- 
pact arrangement of major equipment. 

Another discussion by A. B, Lakey 
(Philadelphia, Pa.) described the con- 
struction of the 82-in. pivoted-segment 
thrust bearings for the Safe Harbor units. 
These thrust bearings carry a load up to 
about 750 tons apiece with a resulting unit 
pressure of 416 Ib per sq in. on the 3,600 
sq in. net of babbitted bearing-shoe surface. 
The novelty of the design consists mainly 
in the ease of vertical adjustment at any 
time, and in the minimum disturbance of 
other parts of the unit incidental to in- 
specting or changing the bearing surfaces. 

C. F. Merriam (Baltimore, Md.) de- 
scribed the Safe Harbor governing system, 
which in many respects represents a dis- 
tinct advance in power plant design. 
Operation of the turbines has been con- 
centrated on a single floor by locating 
pumps and actuators on the same level, 
with a resultant saving in personnel. The 
twin system located in the space between 
the two units of each pair eliminates long 
lines of piping. The protective devices 
and annunciator system also were described. 
Impulses from the respective relays not 
only indicate the source of trouble, but 


also act upon certain safety devices ar- 
ranged to produce the desired effect upon 
the governor. 

J. E. Stewart (Pittsburgh, Pa.) in his 
discussion of this subject expressed a belief 
that the outstanding feature of the Safe 
Harbor development was the engineering 
study that had been devoted to it, and the 
fact that so many of the results of these 
studies were incorporated in the actual 
construction. 

Another discussion by R. L. Thomas 
(Baltimore, Md.) interestingly revealed 
the history of this development from the 
time of the first individual flow rights, 
which dated back to 1902, up through the 
selection and acquisition of the present 
site. Early economic studies by the regu- 
lar operating staff without any pub- 
licity and without outside aid prior to 
making of core borings at the dam site 
resulted in relatively low costs of property 
and flow rights as well as for preliminary 
engineering and organization work. The 
pre-license cost, exclusive of property, 
amounted to less than one per cent. 

In addition to the foregoing discussion 
of this development, P. M. Hess, station 
superintendent at Safe Harbor, outlined 
the operating experience with the major 
pieces of equipment thus far obtained from 
the 10 months’ period operation. 

Safe Harbor-Westport 230-Kv Trans- 
mission Line —H. S. Phelps (Philadelphia, 
Pa.) in his discussion made a comparison 
between this line and the Philadelphia 
Electric Company’s 220-kv lines which 
have essentially the same electrical design 
features. He presented operating data on 
the latter lines and suggested a comparison 
of operating results between these lines. 
He believed such a comparison should make 
possible the forming of conclusions better 
than those presently held concerning the 
influence on line performance of insulator 
spacing and string length, size and loca- 
tion of ground wires, and phase wire spacing. 

C. L. Fortescue (East Pittsburgh, Pa.) 
discussed the early considerations that 
entered into the design of this line. He 
explained that in the design of transmission 
lines a compromise must be made between | 
what can be done regardless of cost and what 
can be considered as economically justified. 
He believed the author had effectively 
reached such a compromise as indicated by 
the performance during the past year. 

Safe Harbor Kaplan Turbines.—E, Brown 
(Montreal, Canada) discussed this subject 
and raised questions concerning several 
points about the paper. One of these 
concerned the curves in Fig. 6 which he 
believed showed large differences between 
the values of 2 at which the efficiency 
begins to decrease and the unit quantity 
to increase. He believed that the points 
of increase or decrease were not well de- 
fined. The authors’ statement that ‘‘the 
value of 2, at which efficiency and dis- 
charge were found to break, was taken as 
the cavitation limit for that particular 
speed, head, and gate opening’’ seemed to the 
discusser to imply a much closer agreement 
between 2 values than that shown in Fig. 6. 

In connection with the cavitation ex- 
periments, J. A. Peck (Boston, Mass.) 
asked what means were employed to isolate 
the phenomenon of the efficiency break 
so that it could be positively attributable 
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to the cavitation rather than to some other 
coincidental factor, such as a crisis in the 
flow conditions within the particular type 
of draft tube in use. 

R. E. B. Sharp (Philadelphia, Pa.) dis- 
cussed the cavitation problem and referred 
to an installation in Canada that furnishes 
an interesting example of the ability of a 
turbine to operate without serious pitting 
with a value of © so low as to result un- 
doubtedly in the formation of continuous 
cavitation without sufficient pressure to 
cause the collapse of the cavities. A curve 
was presented which represented roughly 
the limit in value of > for the usual modern 
propeller runner designs. 

Messrs. L. B. Stirling and J. B. MacPhail 
(Montreal, Canada) asked if the possible 
occurrence of pitting in the draft tube was 
examined by paint tests. The pitting of 
a painted surface in a model draft tube 
is believed to be a good indicator of erosion 
of concrete on the full sized installation. 
This relation has been proved to be correct 
in at least 2 cases. 

Another discusser, H. S. Van Patter 
(Montreal, Canada) inquired, in connection 
with the tests, as to why it was considered 
necessary to hold the total head constant 
when varying the suction head and asked 
if that decision had been confirmed by test 
results. In other words had tests shown 
that the cavitation point was affected by 
variations in total head? 


Low HEAD HYDROELECTRIC DEVELOPMENTS 


L. F. Harza (Chicago, Ill.) in his dis- 
cussion of this paper questioned the general 
desirability of using special Kaplan wheels 
on horizontal shafts, such as shown in the 
author’s Fig. 26. He pointed out that the 
draft tube problem is complicated, the 
building width greater, and that high 
tailwater requires design of the generator 
room walls for outside pressure, and the 
use of drainage pumps to remove leakage. 

H. E. Popp (Boston, Mass.) discussed 
this subject from a point of view different 
from that taken by the author. He did not 
agree that credit for past accomplishment 
in the field of economical low head de- 
velopments was due entirely to European 
engineers. It was pointed out that the 
so-called Kaplan turbine in reality is the 
use of the adjustable-blade runner and its 
control mechanism in combination with the 
usual form of scroll case, draft tube, and 
miscellaneous mechanical details inde- 
pendently developed and perfected by 
American engineers. He also _ believed 
that there was grave danger that over- 
emphasis of some particular phase of de- 
sign, such as the cavitation problem, might 
lead to the introduction of costly practises 
that are not justified by the ends obtained. 
In this connection he did not agree with 
the practise to machine and polish all 
runner blade surfaces in contact with 
flowing water, especially since this has no 
effect on efficiency. 

J. W. Rickey (Pittsburgh, Pa.) was of the 
opinion that the future development of 
hydroelectric projects of low and medium 
head in the United States depended upon 
obtaining lower plant cost through greater 
economy in the design of both plant and 
equipment. This, he believed, could be 
achieved only when the manufacturer and 
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the user of turbines adopt a radically differ- 
ent attitude toward the scientific side of con- 
current turbine design and laboratory tests. 

F. H. Rogers (Philadelphia, Pa.) in his 
discussion presented considerable of the 
history of the development of the propeller 
turbine, in particular the achievements 
made in the United States. He referred 
to the Great Falls development of the 
Manitoba Power Company undertaken in 
1921 when the Dominion Engineering 
Works, Ltd., proposed I. P. Morris pro- 
peller turbines of 28,000 hp unit capacity 
for a head of 56 ft. At that time a cavita- 
tion theory for the propeller turbine was 
developed utilizing data from marine pro- 
peller experience. He also referred to the 
early work of L. F. Moody, an American en- 
gineer, who first demonstrated that for a 


_ head range more than double that previously 


attempted, equal or greater efficiencies with 
freedom from cavitation could be secured by 
the use of large areas for the blades. 

In connection with this subject R. V. 
Terry (Newport News, Va.) told of a new 
type of adjustable propeller turbine now in 
the process of development. The vanes 
of the runner are adjusted automatically 
by the water flow, assuming the most 
efficient angle for any head and for any 
load within the capacity of the turbine. 


John Fritz Medal 
for 1933 Awarded 


The John Fritz Gold Medal for 1933 has 
been awarded to Daniel Cowan Jackling for 
“notable industrial achievement in initiating 
mass production of copper for low grade ores 
through application of engineering prin- 
ciples.’ The award was made by a board of 
16 representatives of the 4 national engineer- 
ing societies. 

Mr. Jackling is the twenty-ninth engineer 
to receive the John Fritz gold medal, which 
is awarded not oftener than once a year for 
notable scientific or industrial achievement 
without restriction on account of nationality 
or sex. It is a memorial to the late John 
Fritz, a leader in the American iron and steel 
industry; the first medal was awarded to 
Mr. Fritz in 1902 in celebration of his 
eightieth birthday. Members of the Insti- 
tute who have received this medal include: 
Elihu Thomson (A’84, F’18, HM’28, mem- 
ber for life, and past-president); Guglielmo 
Marconi (HM’17); Ambrose Swasey (HM 
28); Edward D. Adams (A’10); Elmer A. 
Sperry (M’29); John J. Carty (A’90, F’18, 
HM’28, member for life, and past-presi- 
dent); Herbert Hoover (HM’29); and M. I. 
Pupin (A’90, F’15, HM’28, member for life, 
and past-president). Other John Fritz med- 
alists, no longer living, include: George 
Westinghouse (A’02); Alexander Graham 
Bell (A’84, M’84, and past-president); and 
Thomas A. Edison (A’84, M’84, HM’28). 

Mr. Jackling was born at Appleton City, 
Mo., in 1869 and was graduated from the 
Missouri School of Mines in 1892. After 
spending a few years in teaching and in tech- 
nical work in connection with mining opera- 
tions he turned his attention to construction 
and operation of metallurgical works and 
embarked upon his notable career in that 


field as a pioneer in mass production of cop- 
per from low grade ores. The improve- 
ments in the production of copper conceived 
and originated by Mr. Jackling have re- 
sulted in a great increase in the world’s pro- 
duction of copper, and a reduction in its cost. 
The electrical industry, as well as many 
other modern industries, are greatly in- 
debted to Mr. Jackling for these improve- 
ments in the production of copper. 

Mr. Jackling was director of explosives 
for United States government during the 
World War and in this capacity performed 
distinguished service. He is also esteemed 
in many sections of the western United 
States for his interest in the communities 
which under his direction have been built up 
at the properties of which he is the head. 
He is president and director of several cop- 
per mining and related companies. For his 
public and industrial services he has been 
honored by the distinguished service medal 
of the United States Government in 1919, 
the gold medal of the Mining and Metal- 
lurgical Society of America in 1926, and the 
William Lawrence Saunders gold medal of 
the American Institute of Mining and 
Metallurgical Engineers in 1930. 


Noted Engineer 
Honored on Retirement 


Robert Ridgway, chief engineer of the 
board of transportation of the City of New 
York, N. Y., retired on November 1, 1932, 
after having worked for the city for 48 
years. On the date of his retirement he 
was the guest of honor at a dinner given 
at the Engineers’ Club by 105 leading en- 
gineers of the country. A feature of this 
event was Mr. Ridgway’s tribute to those 
who had worked with him during this period. 

Mr. Ridgway was born in Brooklyn, 
N. Y., in 1862. Although he secured his 
education in the public schools of Brooklyn 
and at home, he has received honorary de- 
grees of M.S. in C.E. from New York 
University in 1915, A.M. from Harvard 
University in 1925, and doctor of engineer- 
ing from Lehigh University in 1929. After 
spending 2 years with the Northern Pacific 
Railway as chainman, rodman, and leveler 
in Montana and Wisconsin, he entered the 
employ of the aqueduct commission of 
New York City in 1884 and remained with 
the city from that time until his retirement. 
During this period he has supervised the 
construction of many of the city’s subways 
and elevated lines and built many of the 
tunnels and aqueducts which have been of 
such tremendous importance to the develop- 
ment of this city. He has also been a 
member of the Chicago Traction and Sub- 
way Commission, chairman of the board of 
engineers for the Transbay Bridge, San 
Francisco, Calif., member of the Colorado 
River Board of the United States govern- 
ment, Hoover Dam Project, consulting 
engineer for the Japanese Government Rail- 
ways and to the cities of Tokio and Osaka, 
and consulting engineer on subways for the 
City of Chicago. Mr. Ridgway is a member 
of several engineering and scientific socie- 
ties and is a past-president of the American 
Society of Civil Engineers. 
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Unemployment Relief Plans 


Throughout Country Progressing 


ConstbeRABLE experience in means 
for alleviating unemployment and providing 
relief to the more destitute members of the 
engineering profession was gained during the 
winter 1931-32 by many Sections of the In- 
stitute. This experience is proving of great 
assistance in the formulating of plans for 
relief to engineers during the coming winter, 
and should make the 1932-38 efforts even 
more effective than those of last winter. A 
summary of the activities of some of the 
Institute’s Sections during the past winter 
was given in ELECTRICAL ENGINEERING for 
November 1932, p. 809-138. 

For the coming winter, most of these 
sections report that the activities planned 
are similar in scope to those of last year, 
although changes are being made in the 
methods of securing work and of providing 
financialassistance. Sections generally have 
found that the conducting of surveys of 
industrial organizations in their community, 
for the purpose of determining positions 
which might be filled by men on the unem- 
ployed list, have produced meager results. 
However, where an energetic campaign has 
been conducted to create new positions in 
industry and to “‘sell’” business organizations 
of all sorts, including the wholesale and re- 
tail distributing units, even department 
stores, on the idea of using engineers in 
positions for which it was not previously 
realized that they were valuable, the results 
have been surprisingly successful. The 
possibilities of extending this type of work 
are realized by many of the Sections, and 
others doubtless would do well to give con- 
sideration to its possibilities. 

In most localities the Institute Sections 
are cooperating with the local Sections of the 
other engineering societies in assisting the 
local civic organizations that are providing 
relief to the entire community. One of the 
most important lessons that was learned last 
year in the localities where this type of re- 
lief was attempted is that the engineers 
must, themselves, remain active on the civic 
relief groups, in order to insure that the 
members of their own profession secure 
their proper proportion of relief. This has 
been found to apply not only to providing 
employment, but also to the provision of 
financial assistance to those for whom no 
employment is found. The importance of 
this phase of the work needs to be empha- 
sized in many communities. The local civic 
bodies carrying on the general relief work 
ate almost universally capable and anxious 
to be impartial. However, activities of 
other groups require that out of loyalty to 
their profession, Sections of the Institute 
should secure representation on these civic 
bodies, and should add their voices to secure 
a fair distribution of relief to all industrial 
groups. 

In the campaign for funds to be used this 
winter, an effort is being made in several 
communities to increase the number of 
contributors to these funds, rather than to 
increase the amount of individual contribu- 
tions. The fairness of this plan needs no 
comment here. Willingness is being shown 
also by those still employed to cooperate in 
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the plans for spreading work among the 
largest number possible and thus reduce 
cases of extreme hardship. The larger 
cities, of course, are the most active in pro- 
viding unemployment relief because it is in 
those communities that the greatest need 
occurs. It is in the larger cities, however, 
that the greatest difficulty is encountered in 
making contact with needy cases. In the 
smaller communities, especially those not 
having many industries, concerted action by 
engineers has been found almost unneces- 
sary, partly because more intimate contact 
between members of these communities is 
possible and partly because those requiring 
assistance are more likely to be aided by 
their friends and acquaintances. 

Letters have been received from many 
Sections of the Institute, outlining the 
plans for the coming winter. Some of these 
are summarized or printed in full in the fol- 
lowing paragraphs in the hope that a circula- 
tion of these ideas may be of assistance to 
other Institute Sections. 


New York City 


In the metropolitan area of New York, 
N. Y., the local Section of the Institute is 
acting through the Professional Engineers 
Committee on Unemployment, the activi- 
ties of which last year were presented in 
some detail in ELECTRICAL ENGINEERING 
for November 1932, p. 809-11. Activities 
for 1982-83 were started by the chairmen of 
the New York Sections of 4 national engi- 
neering societies getting together and de- 
ciding upon the work to be done. An organi- 
zation was formed with Rear Admiral 
Frederic R. Harris, retired, as general chair- 
man. H. deB. Parsons, who was general 
chairman last year, is serving this year as 
chairman of the advisory committee. As 
last year, United Engineering Trustees, 
Inec., is acting as treasurer. The working 
committees for the coming year are as fol- 
lows: finance committee, T. F. Barton 
(A’12, F’30), chairman; relief committee, 
Ole Singstad, chairman; publicity commit- 
tee, E. E. Dorting (A’13, M’22), chairman; 
and clearance committee, Alfred D. Flinn, 
chairman. 

One change from last year is in providing 
for contributions to be paid in weekly pay- 
ments extending over a period of 20 weeks, 
in addition to the alternative of making do- 
nations in 5 monthly payments as was pro- 
vided last year. Following are excerpts 
from a statement made by the chairman of 
the New York Section of the Institute. 

“The incoming committee is impressed 
with the organization developed last year, 
and realizes fully the successful outcome of 
their efforts in providing relief to engineers 
in the [N. Y.] metropolitan territory during 
1931-1932. The plans for this year’s opera- 
tions will not depart from those of last year, 
and with the early start made we expect to 
accomplish as much as last year, and hope 
to do even more, since we are convinced that 
the demand this year will exceed that of last 
year. The united effort of local sections of 4 
engineering societies in this work results in a 


unity of purpose and in efficiency and econ- 
omy in handling the work. We feel that 
we are able to accomplish our objectives by 
providing: 

“J, A suitable place for the registration of unem- 


ployed engineers, both members and non-members 
of the societies. 


“2. An organization for the soliciting of funds to 
be used entirely for relief purposes. 


“3. Establishing contacts with other relief com- 
mittees in the community and in this way obtain 
temporary employment for a large number of the 
men registered with us.”’ 


“Our registrants are primarily interested 
in obtaining work, and it is gratifying that 
by far the larger part of our relief comes as a 
result of obtaining employment for these 
men. Last year for each dollar expended 
by the Professional Engineers’ Committee 
on Unemployment in direct relief, a total of 
approximately $6 was paid to our regis- 
trants for work created by other relief or- 
ganizations in the community and paid for 
by them. (Editor’s Note: Efforts of 
the P.E.C.U. in securing for engineers a 
proper proportion of the relief afforded by 
the Emergency Unemployment Relief Com- 
mittee of New York City has been an im- 
portant phase of the work and is one that 
can be duplicated easily in any community.) 
This year we are assured of the hearty co- 
operation of other relief agencies, and if 
possible this year we should like to increase 
the 6:1 ratio to an even higher figure. 

“Contributions from our members and 
friends to date are in line with last year, 
and we are confident that our membership 
with the full realization of the problem at 
hand will respond liberally so that the total 
amounts collected for the year will be grati- 
fying, not only to the committee but to the 
membership at large.”’ 


PLANS OF SOME OTHER CITIES 


Excerpts of letters received from some 
other of the sections follow. In presenting 
this information an effort has been made to 
include suggestions for the coming year. It 
is felt that records of last year’s accomplish- 
ments, however important, were covered to 
a considerable extent by the article in ELEc- 
TRICAL ENGINEERING for November 1932, p. 
809-18, previously referred to. 

The relief program in Boston, Mass., un- 
dertaken by the Emergency Planning and 
Research Bureau, Inc., was reported in some 
detail in ELrecrricaL ENGINEERING for 
November 1932, p. 811-12. The following 
statement of the Honorable Joseph B. Ely, 
Governor of Massachusetts, indicates the 
value of this work: ‘‘Several of the state 
boards lack the necessary funds for obtain- 
ing information which is very desirable for 
the conduct of their work. The Emergency 
Planning and Research Bureau has taken 
over this work, and has already furnished the 
state agencies valuable data which would 
not otherwise have been available.’ Of 
interest also is the following statement of 
Philip Cabot, head of the department of 
public utilities, graduate school of business 
administration, Harvard University: ‘You 
(the members of the engineering and archi- 
tectural societies of Boston) have recognized 
better than others that the cost of planning 
is far less than the expense of correcting 
errors and of living with mistakes; that the 
losses imposed by uncoordinated, sporadic, 
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and parochial development will not long be 
tolerated, and that when the time comes for 
broad planning, facts must be available on 


which it can be based. You have grasped - 


the fact that slack times should be used for 
compiling and interpreting facts which will 
be needed in busier periods. You have 
properly confined your work to the collec- 
tion of those facts which will be essential to 
those organizations which in the future 
must plan the development of this crowded 
district.”’ 

From the Philadelphia Section: ‘Our 
experience indicates a campaign for raising 
funds by the affiliated societies for the pur- 
pose of relief should be carefully approved 
and an organization established thoroughly 
in accord with the project before launching 
into the campaign. One of the chief diffi- 
culties is personally contacting the member- 
ship. Taking Philadelphia for illustration; 
the members reside throughout Philadel- 
phia and the suburbs, part of Pennsylvania, 
New Jersey, and Delaware. Subscription 
cards were prepared with the name and ad- 
dress of members and for the A.I.E.E. were 
arranged by firms and by geographical loca- 
tion, so as to facilitate the work of soliciting 
on the part of those members on the fund 
raising committee. It was not possible 
personally to contact the membership out- 
side of Philadelphia and the immediate 
suburbs. In these cases, an appeal was 
made by letter. The most effective way to 
raise funds is through official endorsement 
and solicitation being carried on among the 
technical employees by the firm; next is by 
personal contact, the smallest contributions 
being received in amount as well as in num- 
ber by letter.” 

Also, the following is taken from an ar- 
ticle describing the work of the Philadelphia 
Technical Service Committee (see ELEc- 
TRICAL ENGINEERING for November 1932, 
p. 813 and July 1932, p. 526): ‘Too little 
emphasis ordinarily is placed upon the ne- 
cessity for providing useful work for these 
unemployed to perform along the general 
lines of their experience and capabilities. 
After a man has been out of work for an 
extended period and has tramped the streets 
in a useless endeavor to find a job, he begins 
to lose confidence in himself and in his pro- 
fession, and he needs the kind of job which 
requires him to use his brain and to employ 
the experience which he has acquired in pre- 
vious positions.” 

Funds raised by the Pittsburgh Section, 
totaling $646.25 for the months of June to 
October, inclusive, 1932, are turned over to 
the Engineers’ Relief Committee of Pitts- 
burgh which, as of the first of November 
1932, had raised approximately $11,000. 
Distribution of these funds, as of May 28, 
1932, was reported in ELECTRICAL ENGI- 
NEERING for November 1932, p. 813, and is 
divided between loans and contributions to 
individuals. It is stated that “‘it is planned 
to continue the work during the winter in 
much the same way as it has been handled 
in the past. The relief work has done a 
great deal of good, although it is on a small 
scale, since it has helped men who would 
probably not have received help through 
the ordinary relief channels.”’ 

From the Dallas Section: ‘‘The Dallas 
Section has no formal program of unem- 
ployment relief activities to be undertaken 
during the coming winter. It is not thought 
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that a formal program here can be justified, 
because of the relatively small number of 
unemployed engineers and of the compara- 
tively few opportunities in this Section’s 
territory for additional technical employ- 
ment. The members of Dallas Section as 
individuals cooperate with the local civic 
relief organizations, which have under way 
now a drive for funds.”’ 

From the Spokane Section: ‘‘Our pro- 
gram for unemployment relief for the com- 
ing winter will be the same as that prac- 
tised last year. This consisted of cooperat- 
ing with the local group of Associated Engi- 
neers. This organization is comprised of 
engineers of all branches and holds weekly 
noon-day meetings. Their unemployment 
committee is composed of a representative 
from each of 4 local sections of national 
societies. This committee has functioned 
satisfactorily in the past. It has been in- 
strumental in locating jobs for numerous 
men. Its members have contacted many 
employers to whom they have told the story 
of why engineers should be employed in al- 
most any line of work because their training 
as engineers has fitted them for work over a 
broad range. At present there are prac- 
tically no unemployed electrical engineers 
who are members of this section. They 
have found work in various other lines, es- 
pecially commercial.” 


INDEPENDENT ACTION TAKEN 
BY SAN FRANCISCO SECTION 


From the San Francisco Section: ‘Our 
activity in San Francisco has been purely 
within our own Section. The other so- 
cieties in San Francisco have so far as I 
know taken care of their own members. 
This plan has worked very well here. It is 
in keeping with the suggestions of President 
Hoover as regards national relief and that is 
that each community take care of its own 
needy. It has proved very efficient and 
without waste. The collection of the relief 
fund is based upon an administrative period 
of 6 months. Actual experience in the 
operation of the fund during the first 6 
months showed a surplus and it was decided 
to carry this surplus over into the fall and 
winter period rather than return it to the 
original donors, this on the theory that the 
unemployment situation would become 
more acute at that time. Accordingly, the 
fund was divided into 2 parts, a small 
amount being held for current necessities 
and the balance placed in a savings account. 
No attempt was made to collect delinquent 
pledges, and voluntary contributions were 
discouraged. We, therefore, find ourselves 
in a position to enter the fall and winter 
period with a reserve fund on hand, and 
anticipate no difficulty in meeting possible 
drains upon the fund through a revival of 
the pledges and voluntary subscriptions. 
We are particularly fortunate in San Fran- 
cisco in the rather close affiliation among 
the members of the 4 principal engineering 
societies; for instance, through the inter- 
locking directorship of the San Francisco 
Branch of the Engineering Societies Em- 
ployment Service. Unless the situation 
proves exceedingly difficult, we look forward 
to carrying on through the winter season 
with a fair degree of success through the 
operation of the relief fund. The funds are 
in the hands of a trustee and are adminis- 


tered separately from the funds of the San 
Francisco Section of the A.I.E.E.” 

From the Atlanta Section: ‘‘The At- 
lanta Section was instrumental in having an 
executive committee consisting of the chair- 
men of the electrical, mechanical, and civil 
engineers and architects to consider this 
(unemployment) problem. This executive 
committee has been in operation approxi- 
mately 9 months, and has been instrumental 
in assisting engineers to find employment 
within our district. If an engineer needs 
assistance the matter is brought to the at- 
tention of this committee and a very 
definite effort is made by us to find part 
time employment or some other means of 
assistance. The situation in regard to 
engineers in Atlanta and Georgia has not 
been as severe as in other states. Most of 
the firms in this vicinity have cooperated on 
the basis of sharing the engineering work. 
For instance, a company employing quite a 
number of engineers have reduced their 
work to a half-time basis so that as many 
engineers as possible could be given a live- 
lihood. Also, a number of engineers that 
were released have found employment in 
other lines within the state. I do not mean 
to imply that we are in a position to absorb 
additional engineers in this district, but do 
feel that we have been instrumental in 
assisting engineers in keeping in employ- 
ment. We have not given very much pub- 
licity to this activity rather depending upon 
the members of the Societies mentioned 
above to bring to our attention worthy cases. 
So far we have confined our assistance to 
members of the societies mentioned above, 
but in case of a worthy cause we would also 
assist an engineer not affiliated with one of 
these societies.” 


4 PER CENT LOANS 
MADE BY PORTLAND SECTION 


The Portland Section, as outlined in 
ELECTRICAL ENGINEERING for November 
1932, p. 818, is working with the Oregon 
Technical Council in making loans to engi- 
neers at 4 per cent interest. Further in- 
formation from this Section follows: ‘“‘At 
present we are soliciting subscriptions for 
funds to be used for loans this winter as our 
balance is getting low and only one note 
has been repaid. Last year we had rela- 
tively few large subscriptions, but this year 
we are trying to get a large number of small 
subscriptions. The local section of each 
founder society solicits the funds and pays 
all expense of the solicitation, while the ad- 
ministration and expense of handling this 
fund is paid by the Oregon Technical Coun- 
cil. In conjunction with this loan fund, we 
have an employment committee which has 
been successful in placing many engineers in 
such places as timekeeper, foremen on con- 
struction jobs, watchmen, and many other 
jobs.” 

From the Milwaukee Section: ‘All of 
the work of the Milwaukee Section of the 
A.I.E.E. has been in connection with the 
work done by the Engineers Society of Mil- 
waukee, with which we are affiliated. The 
Engineers Society has appointed a special 
investigator to collect information on the 
unemployment of engineers, through ques- 
tionnaires among the members and through 
personal solicitation regarding the’ possi- 
bilities of work among employers. The re- 
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sult of this work has been to show that ap- 
proximately 150 engineers are without em- 
ployment at the present time. A recent 
secondary questionnaire determined that, 
among these 150, only 2 are in serious dis- 
tress. These men are being helped by 
monthly appropriations from the funds of 
the Engineers Society. There seems to be 
little prospect of increasing the employment 
in the near future from industrial sources. 
However, a considerable amount of munici- 
pal and government work is under contem- 
plation, and it is expected that some place- 
ments will be possible in this manner. It 
appears that the depression has in many 
cases required engineers of a high grade and 
of good professional standing to take up 
work in other lines—in many cases with 
marked success. This may mean a per- 
manent displacement of men of this type 
into other lines of work.” 

From the Utah Section: ‘‘The member- 
ship of this Section numbers about 58. At 
present it does not seem advisable for it to 
take up independent relief work. Engi- 
neers in this section of the country are indi- 
vidually joining in the general relief move- 
ment carried on through cooperation of 
societies, clubs, and local groups.” 


FEWER UNEMPLOYED 
ENGINEERS LISTED IN COLORADO 


From the Denver Section: ‘The Denver 
Section, as the other Colorado sections of 
4 national engineering societies, has com- 
bined its efforts toward relief of unemployed 
engineers with the Colorado Engineering 
Council, in the same manner as done last 
year. Pledges to the Citizens’ Unemploy- 
ment Committee are marked ‘For relief of 
engineers’ and funds so derived are made 
available to the Colorado Engineering Coun- 
cil’s relief committee. Approximately 190 
engineers and draftsmen are listed with the 
committee at present. This is less than at 
the same time last year, although in the late 
winter the number reached 247 last year, 
with an increase anticipated this year. Ap- 
proximately $10,000 was distributed in this 
way last year. We hope that the funds 
made available in this campaign will be 
greater. The men have been employed on 
engineering work which, if resulting in con- 
struction, will produce employment for a 
large number of men, such as flood control, 
city drives, and parks. Direction of this 
work has been done by prominent engineers 
who have donated their services. Men are 
paid $3 a day employed, and the work is ro- 
tated to distribute the benefits as far as 
possible.”’ 

From the Oklahoma City Section: ‘We 
have read of the activities of various Sec- 
tions in unemployment relief work in the 
March and November 1932 issues of the 
ELECTRICAL ENGINEERING and are deeply 
impressed by the efforts described and would 
be glad indeed to contribute to the general 
fund of information had we any experience 
with the problem. As a matter of fact, the 
situation in this Section seems not at all 
comparable to that in the more populous 
centers. Due, no doubt, to the fact that 
practically all of our members are in the eni- 
ploy of utility organizations which have 
followed the policy of apportioning the 
available work on a reduced time basis, 
thus avoiding the distress occasioned by 
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dropping men from payrolls. There is not 
a very large membership in the other engi- 
neering societies in this locality and thus 
far, conditions do not seem to warrant the 
establishment of any particular program of 
relief work. This is the consensus of opin- 
ion of our executive committee. We be- 
lieve that, in general, our membership is 
favorable to still further reductions in indi- 
vidual incomes if necessary to avoid total 
unemployment. There is, of course, a limit 
to the extent to which this practise may be 
carried and it is entirely possible that we 
may eventually find it necessary to give 
some special consideration to relief work.”’ 


STATE FUNDS 
USED IN CHICAGO 


From the Chicago Section: ‘‘The Chi- 
cago Section in cooperation with the other 
engineering societies is actively working on 
the following program. State funds have 
been provided for unemployment relief, 
part of which are devoted to direct relief 
such as supplying food and other essentials, 
and another part to the payment for actual 
work performed for municipalities and other 
public bodies. Work of the latter nature 
has so far been principally confined to com- 
mon labor, but the engineering societies are 
now working on 2 specific phases of a pro- 
gram which it is expected will make it pos- 
sible to care for many, if not all, of the engi- 
neers in need of relief during the coming 
winter. The first phase of the above proj- 
ect consists in finding types of work suitable 
for engineers, such as making traffic studies, 
bringing engineering records of the city 
and other public bodies up to date, all of 
which cannot be done with the present em- 
ployed forces. The second phase consists of 
finding the engineers who are in need of 
help, making the necessary classification, 
and seeing that they obtain work of a suit- 
able nature, as outlined above. In addition 
to the above, certain of the local sections of 
the engineering societies are making direct 
loans to needy members, although the ex- 
tent of this work and the amount of money 
distributed is relatively small.” 


Electragists Revert to Original Name.—At 
the annual meeting of the Association of 
Electragists, International, held in Kansas 
City, Mo., October 10-12, 1932, it was de- 
cided by unanimous vote to change the 
name of this association to the National 
Electrical Contractors’ Association. This 
latter name is the one under which it was 
organized 31 years ago. The trademark 
“Electragist’’ will still be used in conjunc- 
tion with the association name as identi- 
fication of membership. 


Report on Banking Issued.—After an ex- 
haustive study of the banking situation by 
its staff experts, the National Industrial 
Conference Board, Inc., has issued a report 
under the title ‘‘The Banking Situation in 
the United States.” One of the conclusions 
reached by this study is that the various 
measures recently enacted by Congress 
for the relief of the financial situation in the 
United States are for the most part tem- 
porary expedients; and that while some of 
them may contribute in a certain degree to 


the permanent improvement of banking 
conditions, it would be an illusion to con- 
clude that they are capable of providing a 
lasting solution of the American banking 
problem. Many aspects of the banking 
situation are discussed, and the significance 
of the startling developments in the field 
of banking that have taken place during the 
last 2 years are set forth lucidly in this re- 
port. 


W orld’s Fair 
Electrical Group Dedicated 


The electrical group of Chicago’s 1933 
World’s Fair—A Century of Progress Ex- 
position—comprising the radio hall, com- 
munications hall, and the electrical building 
was dedicated on Wednesday, October 12, 
1932, under the auspices of the Electric 
Association of Chicago. B.E. Sunny (A’08, 
F’18) former president and chairman of the 
Illinois Bell Telephone Company, and di- 
rector and member of the executive com- 
mittee of the General Electric Company 
delivered the address of dedication. Mr. 
Sunny is a trustee of the 1933 Exposition 
and was a director of the World’s Columbian 
Exposition of 1893. W. O. Batchelder 
(A’08), president of the Electric Association 
of Chicago, presided at the ceremonies. 
Rufus C. Dawes, president of a Century of 
Progress Exposition, spoke on behalf of 
the fair. 

The electrical group is a huge sickle- 
shaped structure nearly !/, mile long which 
rises on Northerly Island and faces a beauti- 
ful lagoon opening into Lake Michigan. — 
A bridge connects it with the Hall of Science 
which is located opposite on the mainland. 
The story of the development of electricity 
for mankind’s uses which has occurred in 
the century which the exposition will cele- 
brate will be unfolded by means of moving, 
animated exhibits in this group of buildings. 
Manufacturers of electrical machinery, 
equipment and supplies, producers of elec- 
trical devices of all descriptions, radio manu- 
facturers, and companies providing the 
nation with telegraph and telephone service 
have already contracted for extensive blocks 
of space in the electrical group and are de- 
veloping their exhibit plans. 


Sale of Electrical Goods in Southwest 
Analyzed.—The answer to the question of 
who gets the consumer’s dollar spent for 
electrical equipment and supplies in the 
Gulf Southwest hardware trade is one of the 
interesting sidelights brought out in the 
Department of Commerce’s newest regional 
commercial study ‘Hardware Distribution 
in the Gulf Southwest.’’ This publication 
offers to interested manufacturers and dis- 
tributors a thorough study of the wholesale 
and retail structure of the trade in this 
territory. Among the findings brought out 
are that approximately 28 cents of each 
dollar spent for electric wiring supplies by 
customers of the hardware trade is retained 
by the retailer, 14 cents goes to the whole- 
saler, and the remaining 58 cents goes to the 
manufacturer. In small electrical appli- 
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ances it is revealed that the split-up is 32 
cents to the retailer, 12 cents to the whole- 
saler, and 56 cents to the manufacturer. 
Other products show different distributions. 
The average gross profit margin of electrical 
wiring supplies was found to be 19 per cent; 
small electrical appliances, 18 per cent; 
mechanical refrigerators, 33 per cent; 
radios, 22 per cent; and vacuum cleaners, 
21 per cent. Copies of the report may be 
obtained at 40 cents each from the Super- 
intendent of Documents, Government Print- 
ing Office, Washington, D. C., or from dis- 
trict offices of the Bureau of Foreign and 
Domestic Commerce in principal cities of 
the country. 


Volume Issued on 
Geophysical Prospecting 


“Geophysical prospecting methods are, 
in final analysis, simply means of geological 
surveying. Almost every variation in 
physical properties of rocks, minerals, 
and ground waters gives rise to anomalies 
which under favorable conditions might be 
measured and used to trace formations, 
contacts, and structures....’’ This state- 
ment is contained in the foreward of 
“Geophysical Prospecting, 1932,” a new 
volume on a new science, published by the 
American Institute of Mining & Metal- 
lurgical Engineers. The cloth bound 
volume can be secured from this organization 
at 29 West 39th Street, New York, N. Y., 
ata cost of $5 postpaid in the United States. 

The contents of this work include: 2 
papers evaluating the geological utility of 
various geophysical methods; 4 papers 
containing descriptions of the application 
of electrical geophysical technique to the 
study of geological problems of a type to 
interest civil engineers; 2 papers describing 
the use of magnetic methods for investi- 
gating subsurface conditions; a discussion 
of the effect of moisture in rocks and soils 
on their electrical conductivities; a de- 
scription of the construction and uses of 
geophones; and numerous other papers 
dealing with special phases of electrical, 
magnetic, seismic, and _ gravitational 
methods in geophysical exploration. 


Power Use on Farms Increasing.—An 
analysis of the use of power machinery on 
the farm is presented in a recent issue of the 
bulletin of the National Industrial Con- 
ference Board, Inc., New York, N. Y., 
which states that the hand methods formerly 
in use required about 60 hr of labor for one 
man to harvest and thresh an acre of wheat, 
whereas with the self-binder and stationary 
threshing machine, the time was cut to from 
4.5 to 8 manhours, and with the coming 
of the ‘‘combine,’’ the manhours were 
reduced to from 1/2 hr to 11/2 hr. The 
gain in efficiency per worker achieved by 
these mechanical aids is from 4,000 to 12,000 
per cent, with a consequent labor displace- 
ment of 97.5 to 99.2 per cent. These 
figures are based upon the records of the 
principal wheat growing states of this 
country, the greatest gain in efficiency 
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being noted in California. The continuance 
of this trend is pointed out in the bulletin, 
indicating the possible elimination at some 
future time of wheat farming where such 
machinery is not used. Although tractive 
power represents the chief use of mechanical 
power in farming operations, there has been 
a considerable use of electricity in farming 
where central power stations are accessible. 


Accidents Reduced by Highway Lighting.— 
During the past 18 months, 2 main high- 
ways in Schenectady County, New York 
State, have been illuminated at night by 
highway luminaires. During this period 
the 2 highways have had 42.3 per cent fewer 
night accidents than during the preceding 
18 months, and 21.2 per cent fewer day 
accidents. The emphatic reduction in 
night accidents, which is double the im- 
provement in day accidents, doubtless is 
due to the installation of highway lighting, 
as other road conditions have remained 
unchanged. 


Hoover Dam 


Cableways Ordered 


In connection with the construction work 
at Hoover Dam, the Six Companies, Inc., 
recently awarded contracts for 5 20-ton 
cableways. These cableways will be used 
to raise excavated material from the canyon, 
place concrete in the dam, and handle 
equipment and materials. Two cableways 
with moving towers running on tracks 
benched on both the Nevada and Arizona 
sides, with spans of 2,580 ft each, will 
serve the spillway area. The dam site will 
be covered by 2 cableways of similar type, 
but with spans of 1,380 ft each. The 
fifth cableway will be of the radial type, 
with a 1,365 ft span, and will cover the 
lower portals of the spillway and penstock 
tunnels. 

Six contracts have been awarded for the 
various parts of this equipment. The 
motors and control equipments are now 
being shipped from the East Pittsburgh 
works of the Westinghouse Electric and 
Manufacturing Company and _ include 
5 500-hp 585-rpm main hoist and trolley 
motors for the 5 20-ton cableways, 9 motors 
ranging in size from 75 to 150 hp for moving 
the cable towers sideways, and 33 control 
boards. All motors are of the wound rotor 
type, operating from 2,300-volt 3-phase 
60-cycle power, and equipped with full 
magnetic reversing plugging control. 


Manual on Endurance of Metals Avail- 
able.—In 1927 the Engineering Foundation 
published a ‘‘Manual of the Endurance of 
Metals under Repeated Stress” in which the 
views and data upon the fatigue of metals 
were summarized for designers, inspectors, 
and testing engineers. The Engineering 
Societies Library, 29 West 39th Street, New 
York, N. Y., has acquired the remaining 
stock of this work and will be glad to send 
a copy to any one interested, upon receipt of 
25 cents to cover shipping costs. 


Montefiore Award 
for 1932 Announced 


The George Montefiore Prize, which is 
awarded triennially for articles published 
during the 3 years preceding the award, has 
been determined for this year by the jury 
which met at Liege, Belgium, October 1 
and 2, 1932. The prize, which this year 
amounted to 21,500 fr., has been divided. 
Three articles were chosen: these are by 
L. Barbillion, engineer, professor at the 
University of Grenoble; A. Guilbert, 
Doctor of Sciences, engineer in Paris, and 
C. J. van Griethuysen, engineer at Marci- 
nelle. ELECTRICAL ENGINEERING for Febru- 
ary 1932, p. 135 carried an announcement 
of this award, inviting the submission of 
articles to the jury. 

The award is for the best original works 
contributing to the scientific or technical 
advancement of electricity. The authors 
may be from any country. The prize is 
administered through the Association des 
Ingenieurs Electriciens, or a national 
electrical society of Belgium. This associa- 
tion is an outgrowth of the Institut Electro- 
technique Montefiore, which is attached to 
the University of Liege. 

The jury, under the direction of Omer De 
Bast, director of the Institut Electro- 
technique Montefiore, is composed of 10 
electrical engineers who are well known in 
the electrical industry in Belgium and other 
countries, and includes as a member A. E. 
Blondell (A’05, HM’12), professor at. the 
Ecole National des Ponts et Chaussees of 
Paris. The next meeting will be held in 
1935 at which a prize of 22,000 fr. will be 
given. 


Chromium Plating Patent of Doctor Fink 
Upheld.—Validity of the patent of Dr. 
C. G. Fink, professor of electrochemistry 
at Columbia University, New York, N. Y., 
covering commercial chromium plating, 
was sustained by an unanimous decision 
of the U.S. Circuit Court of Appeals for 
the second circuit, in which all claims of 
the inventor to his basic methods for chro- 
mium plating were upheld. The suit was 
brought by United Chromium, Inc., holder 
of Doctor Fink’s patent, against the Inter- 
national Silver Company, which based its 
defense upon the research performed by 
the U.S. Bureau of Standards, the East- 
man Kodak Company, and the Westing- 
house Electric Manufacturing Company. 
The Court of Appeals held that this work 
failed to anticipate the work of Doctor 
Fink, and that the patent provided the 
method with which “for the first time the 
art could turn out chromium plating with 
certainty.’ The work of. Doctor Fink was 
revealed as one of the great achievements of 
modern chemical research. For many years 
chemists attempted to solve the problem of 
plating metals with chromium, but without 
success. Doctor Fink worked at the prob- 
lem, and after making numerous experi- 
ments he finally evolved a basic method to 
plate objects with a uniform and adherent 
coating of chromium. He found that the 
chromium particles could be deposited 
successfully in a durable coating only in the 
presence of a catalytic agent in the plating 
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bath. Proper concentration of this catalyst 
in the plating bath eliminates erratic and 
uncertain results in chromium plating. 


Electrical Engineers 
Increase in Number 


A comparison of 1920 and 1930 census 
figures gives a vivid picture of changes that 
have been taking place in occupational 


distribution. This data which can be 
obtained from the Superintendent of 
Documents, Washington, D. C., for all 


occupations and sections of the country, 
has been summarized in a recent bulletin 
of the Personnel Research Federation, 
29 West 39th St., New York, N. Y. The 
following paragraph is taken from this 
bulletin: 

“Tt seems that many more men have been 


entering professional careers. Only in the 
profession of veterinary surgery was there 
a substantial decline. The supply of male 
dentists increased a trifle faster than the 
total working population, and of physicians 
and surgeons a little more slowly; but the 
number of women in these professions 
definitely decreased. Most spectacular of 
all, there were more than twice as many 
electrical engineers in 19380 as in 1920. 
Stock brokers and insurance agents also 
more than doubled in number. The trans- 
fer of functions from home to shop is 
reflected in the data regarding men and 
women workers in cleaning, dyeing, and 
pressing establishments. The 1930 figures 
are 389 per cent and 473 per cent, respec- 
tively, of those from 1920.” 

The data given in Table I summarized 
the changes in the engineering profession 
over this 10-year period. In addition to the 
males shown in this table, there were in all 
occupations in the United States 10,752,116 
females, 127 per cent of the number em- 
ployed in 1920. 


Table I—Comparison of 1920 and 1930 Census Figures for Engineers 


U. S. A.—Male N. Y. C.—Male 


1930 % of 1920 1930 % of 1920 
All occupations.. 5 OSE 6 aan a5 calles, oe OOO ne acu 6 
Civil engineers and Hee any Z LOQOD Tene LOS) ae Aotn trecoes Panne ale 
Designers, draftsmen, and faventors. Reatoedt ee Elie, erac dh, oa kek) 
Electrical engineers. fe ST htOsde ae aie. one ed Se Bir ATOnaie sa eeee 
CHa ROT AOTON Ok es datas 8 SAL SOS armel ne tk alee 42 ON nen meal 


Mattie. to the 


Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 
STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers. 


Rudolph Frederick Schuchardt 
—An Appreciation 


To the Editor: 

On October 25, 1932, there passed from 
among us one of God’s ‘noblemen, Rudolph 
Frederick Schuchardt, a past- president of 
the American Institute of Electrical Engi- 
neers, and chief electrical engineer of the 
Commonwealth Edison Company. 

Modest, courteous, lovable, a clear 
thinker, an able organizer and executive, 
Mr. Schuchardt, in spite of his multitu- 
dinous duties and responsibilities was never 
too busy to help a friend or serve his fellow 
man. 

For the past 10 years, his life was per- 
meated with ill health and saddened by 
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the tragic loss of his beloved wife, but he 
refused to be crushed by fate and during 
this period, faithful to his high ideals, 
rendered conspicuous service. Engraved 
upon his heart was the gallant motto, 
“Tch dien.’’ 

Honored by his friendship for a quarter 
of a century, I wish to add my tribute to 
the memory of so fine a gentleman, so 
lovable a friend. 

Very truly yours, 

H. L. Watvau (A’00, F’13) 
(Chief Electrical Engineer, 
Cleveland Electric Illumi- 
nating Co., Cleveland, O.) 


Brass Tacks 
in Economics 


To the Editor: 

The article under the title ““Brass Tacks 
in Economics’? by David Cushman Coyle 
in ELECTRICAL ENGINEERING for October 
1932, p. 712-3, is one of the most suggestive 
yet printed in the symposium ‘Has Man 
Benefited by Engineering Progress?’ In 
a few words) it points out the principal 
problems still to be solved by our Western 
civilization. 

Unless some such solution is seriously 
undertaken during this generation or the 


next, it is most probable that some form 
of socialism or communism will be adopted 
by most Western nations or by a league of 
all the nations which are predominantly 
Caucasian. 

If the present Russian experiment proves 
successful within the next few decades, 
then a league of this kind will probably 
be formed at a much earlier date. Once 
the masses of the Western nations realize 
that the masses of Russia have reached a 
standard of living equal to or approaching 
theirs, without the savage competitive 
system of the capitalistic world, it would 
be easy for the leaders of the movement to 
obtain sufficient following for the establish- 
ment of a similar system, either by peaceful 
and legal methods or by revolution. If 
the 200,000,000 Russians are living happily 
without unemployment or idleness, with 
ample time for recreation and with all the 
luxuries which we Westerners consider 
necessities, if they have no arrogant multi- 
millionaires, no powerful captains of in- 
dustry, no ruthless commercial warfare, 
no crowding of the weak by the strong, it 
will not be difficult for the Western people 
to realize that there is a new theory of 
political economy which may be nearer 
the ideal state than that under which they 
live. 

It seems to me, however, that to carry 
out Mr. Coyle’s suggestion it would be 
necessary to overcome 38 almost insur- 
mountable obstacles. The first of these 
is the usual inefficiency and the frequent 
corruption of most government channels. 
If heavy taxes on large incomes are collected 
and the proceeds spent in public and semi- 
public construction, the collection and the 
expenditures must be in the hands of a 
political bureaucracy. Can we depend on 
the incorruptibility of the members of this 
bureaucracy and on the ability with which 
their work will be performed? In view of 
the corruption and inefficiency so fre- 
quently found in our national, state, and 
municipal administrations, is it possible 
for any thoughtful man to believe that 
with our present methods of electing our 
representatives, our officials, and our 
judges, these taxes will be collected fairly 
and economically and spent efficiently and 
honestly? The first step, then, must be 
the improvement of the morals of our 
officials, and as their morality is but a re- 
flection of the morality of the citizens, we 
must begin by improving the morality of 
the citizenship. This lack of morality is 
probably due to the complete breakdown 
of our religious systems which are the 
foundations of our morality. If all that 
the citizens do toward living a better life 
is to give lip service to their religious leaders 
on Sunday and act so as to keep just within 
the law on other days, then little can be 
expected of real human progress. It would 
seem, therefore, that the first step required 
to insure the success of the proposed plan 
would be to develop a high sense of moral 
integrity in the citizenry and that little 
can be gained until that is done. 

The second problem which seems difficult 
to solve is how to give a suitable incentive 
to inventors and promoters, and how to 
obtain the advantages of quantity pro- 
duction, of large research and development 
laboratories. If we had had no large 
accumulations of capital or rather if the 
inventors, promoters, and financiers had 
not seen the possibilities of obtaining great 
wealth and power, we probably would not 
have been able to obtain many of the benefits 
of the present machine age. These in- 
ventions may not have served to develop 
greatly the spiritual aspirations of the 
human soul but the railroad, the telegraph, 
and telephone, the dynamo and the in- 
ternal combustion engine, the aeroplane, 
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the cinema and the radio, have done much 
to change our world and this scientific 
and mechanical progress has undoubtedly 
had considerable effect in the elevation of 
the human spirit. But many of these 
things would not have been possible without 
capital and without the spur of the possible 
wealth, glory, and power to be attained if 
successful. Similarly, untold wealth has 
been lost in trying to develop inventions 
which have proved unsuccessful, and for 
that reason it would seem that substantial 
rewards should be permissible for the 
adventurers in the fields of science and 
invention. 

The third problem is the necessity of 
having a union or league of all Caucasian 
nations before any such system can be 
put in effect, because no plan of this nature 
could be successful unless it could be 
carried out simultaneously in the other 
nations with which we have to live in this 


small planet, or at least in a substantial ° 


part of the nations which are generally 
included in our European civilization. As 
a matter of fact, all the peoples of the world 
should form part of this federation, but 
probably the experiment could be properly 
tried with fair chance of success if, at first, 
all the basically Caucasian nations would 
join in it, leaving to the others the oppor- 
tunity of joining it later. Without prac- 
tically universal acceptance, the inter- 
ference from the outside, where institutions 
of the purely capitalistic, competitive type 
still ruled, would make the plan unworkable. 
Very truly yours, 
Gustavo Loso (A’01, F’12) 

(President and Treasurer, 

Kelvin euges «Con. lncy, 

New York, N. Y.) 


Too Much 


Investment Money! 


To the Editor: 

In the October 1932 issue of ELECTRICAL 
ENGINEERING, p. 712-3, David Cushman 
Coyle makes the direct statement that 
there is too much investment money. 
His whole article, ‘‘Brass Tacks in Eco- 
nomics’’ seems to be based on that state- 
ment, and yet he makes no attempt to 
support it with evidence. We have tre- 
peatedly heard the same claim before, but 
no attempt is ever made to prove it. This 
is particularly surprising to any one who 
has had experience in trying to sell equip- 
ment. Everywhere we meet the same 
statement from purchasers, that capital is 
not available. 

If there were too much investment money 
we should expect that it would appear as 
a demand for investment securities such 
as high grade bonds. An excess of invest- 
ment money must result in a low rate of 
interest on investment securities, and if 
the rates are compared for a period of years, 
we find 6 times this century when these 
rates dropped decidedly. These years 
were 1905, 1909, 1916, 1922, 1927, and 
1930. If this excess of investment money 
caused poor business, we should expect 
that each of these times depression would 
have followed. Instead every time at 
least a year of good business followed, with 
the exception of 1980 in which case it is 
easy to find reasons why it did not. 

Now if we turn to the peaks of interest 
rates on investment money, which came in 
the years 1903, 1907, 1918, 1915, 1918, 
1920, 1923, 1929, and 1932, we find only 
one case, the war year 1915, in which the 
business was good for the following year. 

There is other evidence to show that 
there has never been an excess of invest- 
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ment money in this country, but this simple 
comparison of the interest rates with busi- 
ness conditions should be enough to demon- 
strate that the cause of our present troubles 
is not a surplus of investment money. 
Some people have been deceived by the 
low rates of interest of bank loans. These 
low rates are never given on investment 
money, but on temporary reserves, on 
money which may be temporarily loaned 
on the most liquid securities, but which 
the holder does not desire or does not dare 
to invest. 

Others have been deceived by the large 
amounts of wasted capital into thinking 
that there has been too much. It is not 
difficult to find cases of poor families 
spending on some useless luxury the money 
which they needed for food. We may 
think that a person who would buy a radio 
must have an ample surplus, but we know 
that often that is not the case. And in 
investments, money has been spent in 
overexpansion in times when others had 
difficulty in securing money for needed 
developments. When a speculative mania 
is under way, people will throw away what 
they need, and investors are no different 
in this respect from the ignorant. 

1929 was a year of wasted capital from 
every side. Gambling profits was con- 
sumed in luxuries. The public mortgaged 
their future for immediate consumption. 
And perfectly useless business expansion 
took place. Each caused a loss of in- 
vestment money, and we are still suffering 
from that loss. No business revival can 
take place until a larger proportion of 
earnings are turned into investments. 

Very truly yours, 
A. W. Forpgs (A’12) 
(Forbes & Myers, 
Worcester, Mass.) 


Consumption, 
Production, Distribution 


To the Editor: 

The report of the American Engineering 
Council committee on ‘The Relation of 
Consumption, Production, Distribution’’ 
(see ELECTRICAL ENGINEERING for June 
1932, p. 373-7) fits so many of the facts 
that it must contain a very large element 
of truth. With relatively no _ foreign 
capital, funds were available for so much 
plant expansion from 1923 to 1929 that 
many engineers and economists regarded 
our industrial plants as generally over- 
expanded while during the same period 
enormous sums were also used to finance 
the purchase of our products and for specu- 
lation. 

Simple theories usually require modi- 
fications, however. Further study may 
show that a defective mechanism for con- 
trolling the rate and use of savings was 
the underlying cause of the depression. 
According to the classical theory of di- 
minishing returns, the excessive diversion 
of purchasing power to capital uses is 
controlled by the diminishing returns on 
additional increments of capital. Why 
has this mechanism of diminishing returns 
failed to prevent excessive savings? May 
I suggest 4 reasons. 


1. It requires time to accumulate and invest 
savings, more time for the invested savings to 
be converted into new plants, and a further period 
of operating the new plants before income reports 
can reflect a diminishing return. There is evi- 
dently a lag in the operation of the mechanism of 
diminishing returns which may easily amount to 
more than a year. 


2. For concerns which are showing a consistent 
profit the diminishing returns on capital are re- 
flected in a rising market price for their stocks and 


bonds. This appreciation of the market value of 
the principal is a more powerful stimulus to savings 
than any normal interest return. 

3. The rising market values of stocks, bonds, 
and real estate brings a demand from speculators 
for the use of savings, at rates which do not reflect 
diminishing returns, 

4. An important fraction of the total savings 
is used to finance purchases of our products, This 
use includes nearly all foreign loans, the financing 
of installment selling, and many other extensions 
of credit. 


These are some of the reasons why 
diminishing returns do not bring about a 
prompt and effective regulation of savings 
to the need for new capital. In conse- 
quence strains are built up in the economic 
system until a break occurs and apparently 
in 1929 all the above methods of investing 
savings ceased to attract investors within 
a period of a few weeks. The flow of 
savings into these types of investment 
does not, of course, prove that the same 
volume of savings could not have been 
safely absorbed had these savings been 
invested in more conservative low yield 
engineering works. ; 

In 3 ways this train of events might have 
been interrupted. 


1. If there had been less savings excessive in- 
vestment in foreign loans, installment financing, 
and speculation might have been avoided. 

2. If investors had deliberately passed by the 
greater yield of these forms of investments and 
used their money to finance self-liquidating proj- 
ects at a smaller yield there would have been no 
economic strains and no collapse of our investment 
machinery. 

3. If when the collapse came, every one, in- 
cluding corporations, had immediately changed 
his saving habits and spent, or given away to be 
immediately spent, the part of his income which 
he had been saving, we should have had only a 
readjustment between different industries and not 
a semi-paralysis of all industry. 


That any of these things should happen 
as the result of enlightenment or exhortation 
is too much to expect of human nature. 
Some form of regulation, probably through 
shifting the tax load on to the uneconomic 
forms of investment when these threaten 
to become excessive, must be developed. 

Very truly yours, 
F. C. BRECKENRIDGE 
(Washington, D. C.) 


What About 
the Engineer? 


To the Editor: 
In the Saturday Evening Post for No- 


vember 5, 19382, Frank A. Vanderlip, 
former president of the National City 
Bank, propounds the question ‘‘What 


about the banks?’’ and dissertates upon 
the query with comprehensive scope in 
his 7,000 word but terse article. 

In order to avoid further governmental 
regulation of our banks, Mr. Vanderlip 


outlines necessary changes in present 
practise which the banking fraternity 
should initiate and adopt. His article 


culminates in the practical suggestion that 
the Clearing House Committee, the Federal 
Reserve Bank, and the New York Stock 
Exchange jointly prepare a questionnaire 
that must be answered before any new 
security issue may be floated in the New 
York market provided the houses of issue 
would be amenable to the plan. 

At this juncture he suggests a subsequent 
check by engineers to certify that money 
obtained for construction purposes had 
actually been devoted properly to such 
construction and what commissions or 
bonuses, if any, were paid. This coming 
from such high banking authority as F. A. 
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Vanderlip is a tribute to the engineer for 
his utility in our society beyond the scope 
of mere technical production. 

We know that we have sometimes seen 
on bond circulars testimony by engineering 
firms as to the accuracy of statements con- 
cerning plant and property. But, as Mr. 
Vanderlip implies, they are far too few 
and these often more of form than of 
complete fact. 

If that practise is to be effective, is to be 
real, the bank will need to have its own 
engineer whose work must prove its worth 
over a period of years. He will need to 
do more than merely report that so much 
money has been spent for so much con- 
struction of plant. As time goes on 
methods change, depreciation and obso- 
lescence enter the scene and in the case of 
many enterprises the more time that elapses 
the more difficult it becomes to keep a 
clear distinction between accounted capital 
and effective capital. While ordinary ac- 
counting practise is an accurate procedure, 
management judgment over a period of 
years in the handling of a multitude of 
items in transition from earnings to profit 
and loss surplus and thus to effective 
capital, may effect material changes in 
effective capital and hence earning power. 
The proper expenditure of a given sum 
adds that sum to accounted capital but it 
may add more or less than a given sum to 
the effective capital, particularly over a 
period of time. This determination is also 
proper work for the engineer. 

Itis the banker’s prerogative to make the 
financial decision as to earning capacity 
behind any specific bond issue but such 
decision is arrived at after careful con- 
sideration and evaluation of the contribu- 
tory technical facts furnished by the 
engineer and by the accountant. 

It is to be hoped that the engineering 
profession will serve to take its part in 
such a constructive program which will at 
least help to minimize the bad effects of 
such a financial debacle as we recently 
experienced. 

Very truly yours, 
FRANK C. CZARNECKI (A’15) 
(37 West 39th St., New York, 
N. Y.) 


Method for Fitting a 
Straight Line to Plotted Points 


To the Editor: 

At times it is desirable to draw a straight 
line through a number of plotted points and 
to find the equation of the line which best 
represents the points. There are various 
methods employed, such as stretching a 
string and drawing a line by inspection, the 
method of averages, and the method of least 
squares which gives the ‘‘best’”’ line. 

The method of drawing the line by inspec- 
tion, and the method of averages, while 
quite simple and requiring little computa- 
tion, have the disadvantage of giving in- 
consistent results; that is, the position of the 
line is influenced by the judgment of the per- 
son drawing it and therefore 2 people might 
not arrive at the same line from a given set 
of data. 

The method of least squares is admittedly 
the best method and gives consistent results, 
but the computations become quite la- 
borious when there is a large number of 
points. 

The following method removes the incon- 
sistencies due to the personal judgment of 
the computer and involves less labor in 
computing than the method of least squares. 
It is believed to be satisfactory for most en- 
gineering purposes except where a degree of 
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precision is required which justifies the use 
of least squares and the lengthier computa- 
tions involved. 

Let (x1, 1), (%2, 2), ... (Xn, Yn) be a series 
of observed points through which it is de- 
sired to draw the straight line of closest fit. 
Let it also be assumed that the required_line 


G 
K%7 Axis 
Fig. 1 


will pass through a point whose ordinate is 
the average of all the observed values of y, 
and whose abscissa is the average of all the 
observed values of x, that is, one point on the 


line is (%a, Ya) where xa equals = and Yo 


equals =. 

If the point (%a, ya) is now considered as 
the center of coordinates, the line will have 
an equation of the form 
ve —— mx! 
and the coordinates of the points (xi, 91), 
(x2, 2), etc., in the original data will be the 
deviations of the observed points from 
(Xa, Ya). The straight line will now pass 
through the new origin, (Xa, ya), and lie in 
the first and third, or in the second and 
fourth, quadrants. 

Inasmuch as the line is straight and passes 
through the new origin, all the points can be 
placed in one quadrant by giving them the 
same relative location in that quadrant as 
they had in the quadrant from which they 
were removed. This is the same as consid- 
ering all the deviations as having the same 
sign. By averaging all the absolute values 
of the x deviations and all the values of the 
y deviations, the point (x., yo) is obtained, 


2\dz 
I and yy = Al; mya, 
n n 


and 2|d,| being the sum of the absolute 
values of (x1 — %a), (%2 — %a), ete., and 
(”1 — Ya), (Y2 — Ya), ete., respectively. 

The equation of the line passing through 
the origin (%a, ya) and the point (xp, ys) is 


where x» = 


(ios Yo 
AY Se 
dy] 
cod ony 7 2|d,| , 
Side we sae 
n 
DI\d,| . 
here 3\d. is the slope. 


If the line is now referred to the point 
(0,0) as the origin instead of (xa, ya), its 


equation becomes 


zy — 2\d,| 2x 


ee Zdyl vee sa 


A Bid, n 
2|d,| 
2|d-| 


and the y intercept 


the slope being 


D\d,| n 
2d.) is determined by notin 
DIdz| yee 
the signs of the deviations. If it is found 
that the x deviations and their correspond- 
ing y deviations have like signs the slope of 
2\d,| 
| : zid,| hae 
signs are unlike the slope of the line is nega- 
Z\dy| 
mit Did 
The following example, illustrated in 
Fig. 1, is worked out in detail to show the 
method. 


The sign of 


the line is positive and is plus; if the 


tive and the minus sign is used with 


6) OR ae Y° Ya dy 
83-6 -8 13-9 +4 
4-6 -2 12-9 +8 
5-6 -1 10-9 +1 
6 —6 0 9-9 0 
7-6 +41 8-9 -l 
8-6 +2 6 —'9) =e 
9-6 43 5-9 <4 
mx =42 Zld,|=12 Zy=63 Z\d,|=16 
nop 42a mo OS Ae. 
Xe = 7 =6 Vos 7 = 9 
The slope of the line is 
16 4 
ek Diack = —1.333 


It is given the negative sign because the cor- 
responding values of d, and d, are unlike. 
The y intercept is 


and the required equation is 


y= - re + 17 
The least squares line has been worked out 
and is 
y = —1.385x + 17.1, 
showing that the method described agrees 
quite closely with the least squares ‘‘best’”’ 
line and is satisfactory for a great many ap- 
plications. 
Very truly yours, 
HEcTOoR B. SAMson (A’27) 
(1729 Madison Ave., 
Dunmore, Pa.) 


Graphical Determination 
of the Symmetrical Components 
in a 3-Phase Unbalanced System 


To the Editor: 

An unbalanced 3-phase system may be 
resolved into 3 sets of symmetrical com- 
ponents which are: 2 balanced 3-phase 
systems of opposite rotation and a uniphase 
component. When great accuracy is needed, 
these components are analytically deter- 
mined with 3 equations, following a method 
developed by C. L. Fortescue. 

As far as I know, the graphical solutions 
that have been suggested make use of a 


Fig. 1 


Fig. 2 
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different geometrical construction to deter- 
mine each one of the components. In this 
letter, I would suggest a general solution 
that can be performed on a single diagram. 

We shall first consider the case when there 
is no residual component; afterward it 
will be shown that the solution equally 
applies when the sum of the 3 vectors is 
not zero. 


No Resmuat COMPONENT 


Let us take the 3 unbalanced vectors 
OA, OB, and OC whose sum is zero (Fig. 1). 

Join the points ABC of the vectors by 
straight lines, thus making a triangle 
(Fig. 1). 

Through the middle point of the side 
BC, draw a line X Y perpendicular to BC 
(Fig. 2). From the corner C, draw 2 
straight lines, respectively, making a 30° 
angle on each side of BC; these 2 lines 


intersect the perpendicular X Y at A’, and, 


A’q. Joining A’, and A’, to the neutral 
O, we get the lines OA’, and OA’. 

OA’, is equal in magnitude to the reverse 
phase component of OA; this line OA’, 
should be prolonged past O to obtain the 
right vectorial position, which is 180° 
from OA’,, to a point A, equally distant 
from O as A’,. 

Similarly OA’, is equal to the direct 
phase component and 180° out of phase; 


Fig. 3 


prolong this vector through O by an equal 
length in the opposite direction. 

Now that we know the components of 
OA in each symmetrical system, it is easy 

' to find out the components of the other 
phases because they are symmetrical and 
120° apart from each other. The solution 
is made easier if we draw 2 circles with O 
as center and OA’, and OA’, as radii 
(Fig. 3). : 

Any side of the triangle may be used to 
determine the initial components, the side 
taken always giving the components of the 
opposite phase: e. g., side BC giving com- 
ponents of OA, side AB giving components 
of OC and side CA giving components of OB. 


GENERAL SOLUTION 


The method usually followed when there 
is a uniphase.component is to add the 3 
vectors and find out their sum; the sum is 
equal in magnitude and direction, to 3 
times the uniphase component. After- 
ward this component is subtracted from 
each vector and with these new vectors we 
come back to the problem as explained 
above. 

However, it can be noted that when the 
uniphase component has been subtracted 
from each vector (Fig. 4), the new enclosing 
triangle A’B’C’ is equal to the original 
triangle ABC. 

Also the distance between the origin of 
the vectors O and the center of gravity O’ 
of the triangle ABC (Fig. 5) is equal in 
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magnitude and direction to the uniphase 
component. 


From the above considerations we can 
draw 3 conclusions: 


1. When there is a residual component the enclos- 
ing triangle can still be used for the solution. 


2. Joining the extremities A, B, and C of the 
vectors to the triangle center of gravity is equiva- 
lent to subtracting the uniphase component from 
each vector. 


3. The triangle center of gravity, and not the 
neutral point, should be used for finding the sym- 
metrical components. (When there is no uniphase 


Fig. 4 Fig. 5 


component, the neutral point and the center of 
gravity coincide.) 


PROCEDURE 


The following procedure is suggested for 
a general graphical solution (Fig. 6): 


1. Draw a triangle around the 3 unbalanced 
vectors OA, OB, and OC as previously described. 
2. Locate the triangle center of gravity, O’ (in 
a triangle, the center of gravity is at the intersection 
of the 3 lines joining each corner to the middle of 
the opposite side; it is always located at 1/3 of the 
height). 

3. Erect a perpendicular XY to the side BC 
through its middle point. 


4. From the corner B, draw 2 lines, respectively, 
making a 30° angle on each side of BC; these 2 lines 
intersect the perpendicular XY at A’q and A’r. 

5. Draw 8 circles with O’ (center of gravity) as 
common center and, respectively, passing through 
the points O, A’, and A’,. 

6. Prolong the lines O’O, O’A’g, and O’A’,; through 
O’ to the opposite side of their respective circles. 


We now have the 3 components for the 
vector OA. The direct and reverse se- 
quence components for the other vectors 
OB and OC are 120° apart from the com- 


ponents of OA; the uniphase component is 
the same for the 3 vectors. 

Apart from its completeness, this method 
would be very convenient for a quick esti- 
mate of the unbalance factor. 

Very truly yours, 
R. LApLante (A’32) 
(Shawinigan Water & Power Co., 
Shawinigan Falls, Quebec, Can.) 


Young Engineers 
Must Plan for the Future 


To the Editor: 


The ‘Letter to the Editor’ from Dr. 
Valdimir Karapetoff published in the Sep- 
tember 1932 issue of ELECTRICAL EwncI- 
NEERING, p. 669, proposes a fundamental 
change in educational methods in the United 
States that would be of great value to the 
engineering profession as a whole, were it 
put into practise generally. Briefly, it con- 
sists of training the engineering student 
along such lines that in this rapidly advanc- 
ing profession he will be capable of doing 
modern engineering work soon after gradua- 
tion, without the necessity of first going 
through various training and test jobs to 
find out what the engineering profession has 
been doing in the 10 years since his text- 
books were written, and what it is going to 
do in the next 10 years. The chief ad- 
vantage of such an educational method lies 
in the hope that an engineer trained in col- 
lege to look beyond present achievements 
may perchance carry the habit with him into 
professional life. 

Two years ago I listened to Dr. Karapetoff 
talk to a small group of prominent physicists 
and 2 engineers about the need for applied 
scientists and theoretical engineers to act as 
intermediaries between mathematical physi- 
cists and practising engineers. As a very 
pertinent example of a problem badly in 
need of such treatment, Dr. Karapetoff men- 
tioned very briefly the polymerization of in- 
sulating materials in high voltage cables. 
In the discussion that followed, the subject 
of Dr. Karapetoff’s talk and the purpose of 
his visit were completely forgotten in the 
advancing of hair-trigger theories about 
polymerization; the 2 engineers were visi- 
tors and so listened and went away without 
learning how to better effect an interchange 
of knowledge and experience with their 
physicist acquaintances. 

It is rather apparent that any construc- 
tive action in this direction must start from 
the engineers’ side of the fence; later per- 
haps, the theoretical physicists may change 
their attitude sufficiently to welcome with 
more open arms the advances of men who 
are motivated solely by a sincere wish to 
further scientific knowledge and technical 
achievement. For the present it seems that 
with a few notable exceptions, physicists do 
not care to extend their activities toward 
engineering fields, and indeed do not care to 
offer instruction to those who seriously con- 
template applied physics and theoretical 
engineering. 

In the research laboratories of our large 
electrical industries there may be found the 
applied scientists and theoretical engineers 
necessary to the rapid advance of industrial 
art. The small organizations are indeed for- 
tunate to have at their call the services 
of such individuals. The training facilities of 
these research laboratories are much too re- 
stricted to supply the needs of the engineer- 
ing profession in the future for scientifically 
trained men, and it remains for the colleges 
and universities to take over a large part of 
the burden. 

The 4-year college course has in the past 
been the greatest stumbling block to engi- 
neering training. To get something more 
than a trade school education in 4 years of 
college and not at the same time neglect the 
technical courses, is at present well-nigh 
impossible. Formerly a student could 
neglect to a great extent the technical side of 
his college education for the cultural side, 
taking up the technical features as needed 
after graduation. Now such a very great 
deal is expected of the engineering graduate 
that that course is no longer possible; and 
indeed, after a rigorous 4-year college course 
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leading to a degree in engineering, most 
graduates still need much further engineer- 
ing study, not to mention cultural studies. 
Some get advanced work in post-graduate 
courses, others in apprentice jobs, and many 
more neglect it entirely and drift to other 
fields of endeavor. 

Perhaps the solution is a 5 or 6-year 
course, leading to a master of engineering 
degree, with the last 2 years patterned more 
after the English plan of independent work 
and personal supervision by a faculty mem- 
ber, but there again rises the necessity of 
many promising students to abandon study 
after 4 years to enter wage-earning fields. 
Some solution can and should be worked 
out; for without more time, it is impossible 
without neglecting other necessities, to do 
more than mention the things Dr. Karape- 
toff speaks of so earnestly. 

Very truly yours, 

FRANK W. GopseEy (A’30) 
(Development Engi- 
neer, The Safety Car 
Heating and Lighting 
Co. New Haven, 
Conn.) 


Reactive 
Volt-Amperes 


To the Editor: 

The lines in the usual diagrams illus- 
trating power factor correction are vectors 
of volts and amperes although they may be 
labelled (convenience excusing such label- 
ling) kilowatts and reactive volt-amperes. 

A-c volt-amperes, whether watt or watt- 
less, are not vector quantities, and they 
cannot be represented by vectors. It is 
only by a confusion of ideas that the opera- 
tor 7 is applied to watts or to volt-amperes. 

In the useful pamphlets (GET-191A and 
GEA-1508), recently published by the 
General Electric Company, the current 
vectors labelled ‘‘leading reactive kva”’ 
are shown lagging instead of leading, and 
lagging vectors are shown leading. Also 
we find the queerly muddled sentence: 
“This ‘wattless’ current or rkva may lag 
behind the voltage wave.” 


I suggest that the common practise of 


using the mongrel term ‘‘reactive power’’ 
be given up in favor of “reactive volt- 
amperes”; that the practise be adopted 
of stating plainly that the vectors labelled 
power and volt-amperes in power factor 
correction diagrams are vectors of volts 
or of amperes, as the case may be, and that, 
in such diagrams the convention common 
to other vector diagrams be followed of 
measuring angles of lead counter-clockwise. 
Very truly yours, 
F, M. Denton (A’08, F’28) 

(Head of Electrical Engg. 

Dept., University of New 

Mexico, Albuquerque) 


Karl S. Wagner 
Sought by Legation 


Institute headquarters has been advised 
by the Roumanian Legation at Washington, 
D. C., that the “Jegation has very important 
information of a personal character and 
interest’? for one Karl S. Wagner, whom 
the legation describes as an American en- 
gineer having traveled in Russia in 1913 
in the employ of a New York company. 
Some time later he is reported to have 
moved to Michigan. 
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Members knowing the whereabouts of 
Engineer Wagner may do him a personal 
favor of some importance by conveying 
this information to him, that he may act 
accordingly. 


asa | 


W. T. BLACKWELL 


W. T. BLACKWELL (A’22) general lighting 
representative of the Public Service Electric 
and Gas Company, Newark, N. J., has 
received reelection for the current year 
to the chairmanship of the Institute’s 
technical committee on the production 
and application of light. Mr. Blackwell’s 
early education consisted of private tutelage 
and preparatory school. In 1897 at the 
age of 18 he entered the construction de- 
partment of the New York Telephone 
Company, New York, N. Y., remaining 
there until in 1902 when he became engineer 
in charge of street construction for the 
East River Gas Company, Long Island 
City. Mr. Blackwell has been associated 
with the lighting industry since 1905; in 
that year he was appointed assistant to 
the chief engineer of light and power, de- 
partment of water supply, gas, and elec- 
tricity, New York City, remaining in this 
position until 1915, when he was made 
illuminating engineer for the Benjamin 
Electric Manufacturing Company of New 
York City. After 2 years of service with 
this company, he was commercial and il- 
luminating engineer for the Westinghouse 
Lamp Company, New York, for 4 years, 
and manager of the interior illumination 
department of the Westinghouse Electric 
and Manufacturing Company for one year. 
During the past 10 years he has been general 
lighting representative of the Public Ser- 
vice Electric and Gas Company. He has 
contributed many technical papers on 
illumination. Among the societies of which 
he is a member are: Illuminating Engi- 
neering Society, National Electric Light 
Association, National Safety Council, The 
American Society of Municipal Engineers, 
Newark Safety Council, and Essex Elec- 
trical League. Mr. Blackwell has served 
on the Institute’s committee on. the pro- 
duction and application of light since 1924, 
and since 1931 has been its chairman, thus 


automatically becoming a member of the 
Institute’s technical program committee. 


W. R. Wuitney (A’01) organizer and for 
32 years director of the research laboratory 
of the General Electric Company, Schenec- 
tady, N. Y., retired from that position 
owing to poor health on November 1, 1932. 
He was succeeded by Dr. W. D. CooLipGE 
(A’10) formerly senior associate director 
of the laboratory. Doctor Whitney con- 
tinues as vice-president in general charge 
of research. The research laboratory was 
established in 1900, and in that year 
Doctor Whitney came from Massachusetts 
Institute of Technology where he was an 
instructor, to be in charge of the research 
work. At that time the laboratory was 
in an old barn which was used by the late 
Dr. C. P. Steinmetz as a private laboratory. 
A few months later a small building at the 
General Electric works was secured. The 
expansion of the laboratory followed the 
development by Doctor Whitney of a new 
type of incandescent electric lamp, and 
since 1903 the laboratory has grown rapidly. 
By 1920 the laboratory’s staff had grown 
to more than 300 persons, about half of 
whom were trained scientists; the value of 
this laboratory has long been recognized 
by the electrical industry. Among the 
many honors which Doctor Whitney has 
received was the Franklin Medal of the 
Franklin Institute on May 20, 1931. This 
award is made to “workers in physical 
science or technology without regard to 
country, whose efforts in the opinion of 
the administering committee on science 
and arts, have done most to advance a 
knowledge of physical science or its appli- 
cation.”” Doctor Whitney was assistant 
and later non-resident professor of theoreti- 
cal chemistry at Massachusetts Institute 
of Technology, and is a member of the 
corporation of this institution 


W.R. WHITNEY 


A. LeRoy Taytor (M’28), head of the 
department of electrical engineering, Uni- 
versity of Utah, Salt Lake City, has been 
appointed chairman .of the technical pro- 
gram committee for the 1933 Pacific Coast 
Convention of the Institute to be held in 
Salt Lake City during the summer of 1933. 
He was born at Logan, Utah, in 1887. He 
received the degree of B.S. in E.E. in 1907 
from the University of Utah and the degree 
of master of science in engineering in 1918 
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from the University of Michigan, specializ- 
ing in mechanical engineering. During 
~1910 and 1911 he was in the testing depart- 
ment and the standardizing laboratory of 
the General Electric Company at Schenec- 
tady, N. Y., thereafter being instructor in 
electrical engineering at the University of 
Utah for a one-year period. Following this 
he spent 2 years in business, returning to the 
University of Utah in 1914 and remaining 
there since that time. He has been assis- 
tant and later associate professor of me- 
chanical engineering at this institution, and 
since 1928 has been head of the department 
of electrical engineering. Professor Taylor 
has served the Utah Section as a member of 
its executive committee 1930-31, secretary 
1931-82, and chairman 1932-33. He has 
also been chairman of the Utah Section of 


The American Society of Mechanical Engi-’ 


neers and has been secretary of the En- 
gineering Council of Utah. 


D. E. Rensuaw (M’29) in charge of the 
petroleum mining section of the general en- 
gineering department, Westinghouse Elec- 
tric and Manufacturing Company, East 
Pittsburgh, Pa., recently received reappoint- 
ment as chairman of the Institute’s technical 
committee on applications to mining work. 
Mr. Renshaw was born in Hennessey, Okla., 
in 1891. After completing his local high 
school course, he attended the University of 
Oklahoma, at Norman, from which he was 
graduated in 1914 with the degree of B.S. 
in E.E. Between 1912 and 1914 he was 
electrician at this university. Upon gradua- 
tion he was on the student course of the 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., for a year. 
From 1915 to 1917, he was in the railway 


D. E. RENSHAW 


engineering department of that company. 
He then left to join the United States Navy, 
which he served for 2 years. In 1920 he re- 
turned to Westinghouse and remained in the 
railway equipment engineering department 
until 1923, after which for 2 years he repre- 
sented the Westinghouse company in France 
and Spain, supervising erection of the car 
and locomotive equipment on the Paris- 
Orleans Railway and the Spanish Northern 
Railway. In 1925 he returned to the rail- 
way equipment engineering department of 
the Westinghouse company. Since 1928 he 
has been section engineer in charge of the 
mining section, general engineering depart- 
ment and for the past year has had charge of 
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the petroleum section, also. Mr. Renshaw 
has served the Institute’s committee on 
applications to mining work for the past 3 
years and since 1931 has been its chairman. 
His other A.I.E.E. committee work has in- 
cluded membership on the technical pro- 
gram and standards committees since 1931. 


W. D. Coorrce (A’10) formerly senior 
associate director of the research laboratory 
of the General Electric Company, Schenec- 
tady, N. Y.. was appointed on November 
1, 1932, as director of this laboratory to 
succeed Dr. W. R. Wuitney (A’01) who 


W. D. COOLIDGE 


retired on that date. Doctor Coolidge 
is a native of Hudson, Mass. He studied 
at the Massachusetts Institute of Tech- 
nology and the University of Leipzig. 
Since 1905 he has been active in the re- 
search work of the General Electric Com- 
pany, becoming assistant director of the 
laboratory in 1908 and associate director 
in 1928. A _ personal item mentioning 
some of the achievements of Doctor 
Coolidge was given in ELECTRICAL ENGI- 
NEERING for March 1932, p. 210-11, in 
connection with his winning the Washington 
award for 1932. 


J. H. Hamiiton (A’28), associate profes- 
sor of electrical engineering at the Univer- 
sity of Utah, Salt Lake City, has been ap- 
pointed chairman of the student activities 
committee for the 1933 Pacific Coast Con- 
vention to be held in Salt Lake City. He 
was born at Los Angeles, Calif., in 1904 and 
graduated from the California Institute of 
Technology at Pasadena. After engaging 
as technical assistant on lightning research 
for the Union Oil Company of California 
and the General Petroleum Corporation 
during 1926 and 1927, he became technical 
assistant for Kobe, Inc., Los Angeles, Calif., 
being engaged in the design of a magneti- 
cally controlled heat treating furnace. He 
was then for a while teaching fellow at the 
California Institute of Technology, and se- 
cured his doctor’s degree from this institu- 
tion in 1928. He is now Student Branch 
counselor at the University of Utah and an 
ex-officio member of the Institute’s com- 
mittee on student branches. For the year 
1931-32 he was chairman of the North West 
districts committee on Student activities 
and a member of the excutive committee for 


this district. He is now a member of 


the executive committee of the Utah 
Section. 
EUGENE CALDWELL (A’26), formerly 


chief mechanical engineer for the Central 
Public Service Corporation, Chicago, IIl., 
now is general manager of the Wrought 
Washer Manufacturing Company. Mr. 
Caldwell was editor-in-chief of Industrial 
Power for several years. He graduated 
from Ohio State University, Columbus, in 
1922, and later took a special course at 
Massachusetts Institute of Technology, 
Cambridge, Mass. He is a member of the 
executive committee of the Institute’s Chi- 
cago Section and chairman of the publicity 
committee of this Section. He is a member 
of The American Society of Mechanical 
Engineers, the publication committee of the 
Society of Industrial Engineers, and various 
committees of the National Electric Light 
Association. He is coauthor of a new text- 
book ‘‘American Industries,’’ being used by 
New York University, and has contributed 
many articles to the technical press. 


C. E. StepHENS (M’22) formerly com- 
mercial vice-president and northeastern 
district manager of the Westinghouse 


Electric & Manufacturing Company, at 
New York, N. Y., was named vice-presi- 
dent. Mr. Stephens has been connected 
with the Westinghouse company since 
1900, and with the New York office since 
1917, having been appointed manager of 
the supply department in that year and 
later being made manager of the central 
station division, and in 1925 manager of 
the company’s New York office. In 1930 
he was elected commercial vice-president. 
He was at one time vice-president of the 
Illuminating Engineering Society. He has 
been active for many years in the A.I.E.E. 
and at present is a director of the Institute, 
chairman of the finance committee, and a 
member of several other of the Institute’s 
committees. 


C. H. Doucras (M’18) for some 12 
years a St. Louis engineering-sales repre- 
sentative of various electrical manufactur- 
ing concerns now has become sales manager 
of the Industrial Products Sales Corpora- 
tion, St. Louis. Mr. Douglas is a native 
of Walnut Ridge, Ark. (Feb. 5, 1886) 
graduated from the University of Arkansas 
in 1911 with degree of Bachelor of Science 
in electrical engineering, immediately after 
which he became associated with the Union 
Electric Light & Power Company of St. 
Louis; he became distribution engineer of 
that company in 1916. In June 1915 the 
University of Arkansas awarded him the 
degree of Electrical Engineer in recognition 
of advanced work completed. 


H. H. Barnes, Jr. (A’00, M’04, F’18), 
vice-president of the General Electric Com- 
pany, New York, N. Y., has been ap- 
pointed chairman of the electrical industries 
and general machinery group of the Emer- 
gency Unemployment Relief Committee of 
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New York City, engaged in raising funds for 
unemployment relief during the winter 
1932-3. This division, which is organiz- 
ing 100 major trade groups through which 
funds will be solicited from employers, em- 
ployees and employees’ associations, last 
year raised more than $10,000,000 to 
finance “made” work and direct relief for 
the jobless. Last year Mr. Barnes headed 
the activities of the electrical industries for 
this committee. 


C. M. Lear (M’31) has been appointed 
to serve as an instructor in the physics 
department of the University of Florida, 
Gainesville. Mr. Lear is a native of 
Charlottesville, Va. (Nov. 21, 1907); in 
1930 he graduated from the University 
of North Carolina with the degree of 
Bachelor of Science in electrical engineering. 
For advance work he expects to receive 
in June 1933 from this same university 
his Master’s degree in physics. He spent 
2 years as a student engineer in the General 
Electric test department, Schenectady, 
N. Y. (1928-9 and 1930-1). 


F. H. Knapp (A’28), who was assistant 
field engineer, area of the New York Tele- 
phone Company, for the Bell Telephone 
Laboratories, Inc., New York, N. Y., and 
later was located at St. Louis, Mo., engaged 
on work for the Southwestern Bell Tele- 
phone Company, now has returned to the 
Bell Telephone Laboratories, Inc., at New 
York, as field engineer, area of the South- 
western Bell Telephone Company. Mr. 
Knapp secured his E.E. degree from Rens- 
selaer Polytechnic Institute in 1926. 


F. W. Smiru (A’05, M’12), who early this 
year became president of the New York 
Edison Company and the United Electric 
Light and Power Company, has been elected 
a member of the board of trustees of the 
Consolidated Gas Company, New York, 
N. Y. A personal item, outlining Mr. 
Smith’s career, was given in ELECTRICAL 
ENGINEERING for March 1932, p. 210. 


E. W. FELLER (A’27) was recently trans- 
ferred from the operating department of the 
Pennsylvania Water and Power Company 
at Holtwood, Pa., to the operating depart- 
ment of the Safe Harbor Water Power Cor- 
poration, Safe Harbor, Pa. Mr. Feller had 
been with the Pennsylvania Water and 
Power Company since 1924. 


G. R. ANDERSON (A’22, M’29) in charge 
of the induction motor section of Fair- 
banks Morse & Company, Beloit, Wis., 
during the past year, recently was ap- 
pointed chief engineer of the electrical 
division of the company. 


C. J. Huser (A’13) formerly manager 
of the product engineering division of 
Cheny Brothers, South Manchester, Conn., 
is now engaged on special work with the 
U.S. Testing Company, Hoboken, N. J. 


H. R. Ketty (A’28), formerly statistician 
in the quality department of RCA-Victor, 
Inc., Camden, N. J., is now administration 
head of the engineering department of this 
company. 
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W. H. PoLvarp (A’24) formerly an elec- 
trical engineer at the Indianapolis, Ind., 
works of Fairbanks Morse & Company, 
now is located in the Beloit, Wis., works of 
this company in the capacity of designing 
engineer, 


ORiaars 


R. F. ScHucwarpt (A’03, M’09, F’12, 
and past-president) chief electrical engi- 
neer of the Commonwealth Edison Com- 
pany, Chicago, IIl., died in Boston, Mass., 
on October 25, 19382. Mr. Schuchardt had 
long been considered one of the foremost 
engineers of the United States. He was 
born in Milwaukee, Wis., in 1875, and in 
1897 graduated from the electrical engi- 
neering course of the University of Wis- 
consin. Following graduation he spent a 
short period with the Janesville (Wis.) 
Electric Light and Power Company, later 
in that year he joined the staff of Meysen- 
burg and Badt, Chicago, IIl., as engineering 
salesman: In July 1898, he entered the 
employ of the Chicago Edison Company 
(later the Commonwealth Electric Com- 
pany and Commonwealth Edison Com- 
pany) remaining with this organization 
until the time of his death. After a few 
weeks, first as substation operator and 
then in charge of the company’s exhibit 
at the Trans-Mississippi Exposition, Omaha, 
Neb., he spent one year in the statistical 
department of the company. Between 
1899 and 1906 he was in the testing de- 
partment, through all stages from as- 
sistant to acting head. In 1906 he became 
engineer of electrical construction, having 
charge of this work for all stations and 
substations. In 1909 he was appointed 
electrical engineer of the company, and 
from that date to 1932 he has been inti- 
mately connected with the development of 
the company. He has made many con- 
tributions to technical literature since the 
presentation in 1897 of his first paper 
“Electricity Meters of Today’ which 
attracted considerable attention. Mr. 
Schuchardt has long been active in the 
A.J.E.E., having served on many com- 
mittees including the educational, power 
generation, power transmission and dis- 
tribution, protective devices, standards, 
meetings and papers, executive, electrical 
machinery, law, Edison Medal, and public 
policy committees, as well as on the com- 
mittee on code of principles of professional 
conduct. He has served as the Institute’s 
representative on the U.S. national com- 
mittee of the International Electrotechnical 
Commission, the administrative board of 
the American Engineering Council, the 
board of award of the John Fritz Medal, 
the Coffin fellowship and research fund 
committee, and on the joint committee 
of the engineering societies on partici- 
pation of the engineering profession in 
the Century of Progress Exposition to be 
held in Chicago in 1933. From 1928 to 
1929, Mr. Schuchardt was president of the 
Institute. He also was chairman of the 


Chicago Section of the Illuminating Engi- 
neering Society, chairman of the technical 
national section of the National Electric 
Light Association, member of the Western 
Society of Engineers, the Society for the 
Promotion of Engineering Education, and 
the Institution of Electrical Engineers 
of Great Britain. He has been chairman 
of the public affairs committee of the 
American Engineering Council, and in 
1929 was a delegate to the World Engi- 
neering Congress in Japan. 


Epwin Nasu SANDERSON (A’94, M’13, 
and Life Member) member of the firm of 
Sanderson and Porter, and president of the 
Federal Light and Traction Company, New 
York, N. Y., and of its 30 subsidiaries 
throughout the country, died November 9, 
1932. He was born in Brooklyn, N. Y., in 
1862. He attended Brooklyn Polytechnic 
Institute for 4 years and then attended 
Rensselaer Polytechnic Institute an addi- 
tional 4 years, graduating with the degree of 
civil engineer in 1886. In 1887 he received 
the degree of M.E. from Cornell University. 
Between 1887 and 1896 he was with the 
Westinghouse Electric and Manufacturing 
Company, being an engineer at East Pitts- 
burgh for one year, then engineer and sales- 
man in New York for 5 years, manager of the 
New England district at Boston, Mass., for 
one year, and assistant to the general mana- 
ger at East Pittsburgh for 2 years. In 1896 
he resigned from the Westinghouse com- 
pany; in this year the firm of Sanderson and 
Porter was formed and has since then re- 
mained active in the construction, manage- 
ment, and operation of electric railway, light 
and power properties. In 1910 his public 
utility holdings were incorporated into the 
Federal Light and Traction Company. 
Most of the major construction work of this 
company was performed by the firm of 
Sanderson and Porter, of which H. Hobart 
Porter (A’96, M’12, and Life Member), 
president of the American Water Works and 
Electric Company, Inc., New York, is the 
other senior member. One of Mr. Sander- 
son’s major accomplishments was the con- 
struction in 1907 of one of the first hydro- 
electric projects in the Sierras, for the opera- 
tion of the street railways of San Francisco, 
Calif. He was a member of The American 
Society of Mechanical Engineers, the Rens- 
selaer Society of Engineers, the Cornell Soci- 
ety of Engineers, and Sigma Xi and Zeta Psi 
fraternities. He was a life member of the 
Board of Trustees of Cornell University. 
In 1925 Colgate University conferred upon 
him the honorary degree of Doctor of Law. 
Among his clubs were the University, City 
Midday, St. Bernard Fish and Game, 
Columbia Yacht, Town and Gown, and 
Cornell clubs, all of New York, the Union 
Club of St. John, N. B., and the Orchard 
Lake, Adirondack Mountain, and West- 
chester Country Clubs. 


D. H. Braymer (M’15) head of the 
D. H. Braymer Equipment Company, 
Omaha, Neb., died October 29, 1932. He 
was born in 1888 at Hebron, N. Y. He 
secured his A.B. degree in 1906 from 
Cornell University, and his M.E. in E.E. 
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degree in 1908 from the same institution, 
having completed both mechanical and 
electrical engineering courses. During the 
summer of 1906 he was draftsman for the 
Morse Chain Company, Ithaca, N. Y., and 
during the summer of 1907 was electrical 
tester for the Electrical Testing Labora- 
tories, New York, N. Y. He also held 
this latter position for a short time in 
1908, becoming an engineer in the service 
and maintenance department of the New 
York plant of the Western Electric Com- 
pany in that year. From 1909 to 1910 he 
was electrical engineer visiting and re- 
porting on the Western Electric Company’s 
power plant and telephone equipment in 
the capacity of publicity engineer. From 
1910 to 1915 he was at Atlanta, Ga., on 
the staff of the Southern Electrician and 
succeeding magazines, being editor the 
latter part of this period. In 1915 he 
joined the McGraw-Hill Publishing Com- 
pany as associate editor of the FHlectrical 
World, later becoming engineering editor, 
and then managing editor and coeditor. 
When the Electrical Review was purchased 
by the McGraw-Hill Company, Mr. Bray- 
mer was placed in charge of both the 
publishing and editorial policies of this 
magazine, which started under the name 
of the Industrial Engineer. In 1925, Mr. 
Braymer relinquished his editorial duties 
to organize the company which bears his 
name, specializing in consulting and sales 
work associated with power applications in 
industrial plants, large buildings, and 
power plants. He was at one time chair- 
man of the Nebraska Section. 


Joun L. Switzer (Enrolled Student) who 
recently received the Kruesi Improvement 
Prize awarded to senior students at the 
University of Tennessee, Knoxville, died 
October 1932. Mr. Switzer had been a stu- 
dent at the University of Tennessee, gradu- 
ating from the electrical engineering course 
in June 1932 and had enrolled as a full-time 
graduate student for the coming year. The 
Kruesi prize, which he had just received, 
was established by Paul J. Kruesi of Chatta- 
nooga, for the benefit of engineering students 
at the University of Tennessee and is 
awarded each year to students of the gradu- 
ating class who have been 3 years in at- 
tendance at the University of Tennessee. 
The award is made to that student of the 
senior class who by vote of the faculty of 
the college of engineering has made the most 
progress while a student, taking into con- 
sideration his preparedness, early opportuni- 
ties, effort expended as a student, financial 
difficulties, ability, and activities outside of 
the curriculum. One prize is given in each 
of 4 engineering courses and covers the 
initiation fee and first year’s dues in one of 
the following 4 engineering societies: Ameri- 
can Chemical Society, The American Society 
of Mechanical Engineers, American Insti- 
tute of Electrical Engineers and American 
Society of Civil Engineers. Mr. Switzer had 
been awarded membership in the Institute. 


Frank T. Morrissey (A’16) who for 
the past few years has been president of 
F. T. Morrissey & Company, Inc., Dallas, 
Texas, died September 10, 1932. Mr. 
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Morrissey was born at Waltham, Mass., in 
1885, and in 1900 was apprentice to I. A. 


Nourse, electrical engineer, Westboro, 
Mass., receiving special instruction in 
power plant design and maintenance. 


After serving between 1903 and 1906 in 
the U.S. Army, he was assistant to the 
chief engineer of the Saxony Worsted 
Mills, Newton, Mass., for 2 years. Be- 
tween 1908 and 1910 he was district super- 
intendent of the Eastern Michigan Edison 
Company at Wayne, Mich., and at Ann 


Arbor, Mich., thereafter being in the 
engineering department of the Kansas 
City Electric Light Company, Kansas 


City, Mo., for one year. He was at one 
time president and general manager of 
the Warren Light and Power Company, 
Inc., and later general superintendent of 
the Plymouth Electric Light and Power 
Company, Plymouth, Ind. This was fol- 
lowed by other similar engagements. His 
own company, which he organized a few 
years ago, was engaged as selling repre- 
sentatives and engineers for manufac- 
turers’ equipment. 


IRA BuRNARD MattTHeEews (A’17) super- 
intendent of the transformer department 
of the Toledo Edison Company, Toledo, 
Ohio, died suddenly at his work October 
25, 1932. Mr. Matthews was born in 
Defiance, Ohio, in 1877. In his youth he 
came to Toledo where he obtained his 
early education, later attending Toledo 
University. He remained in this city 
the rest of his life, being employed in 1894 
by the Western Union Telegraph Com- 
pany, in 1896 by the Harrison Telephone 
Company, in 1897 by the Buckeye Pipe 
Line Company, in 1901 by the Toledo 
Western Electric Railway, in 1903 by 
the Pennsylvania Railroad Company, and 
since 1905 by the Toledo Railways and 
Light ,Company, now the Toledo Edison 
Company. Mr. Matthews served as fore- 
man in the line department of this com- 
pany until the organization of the trans- 
former department, when he was made 
superintendent of this department. He 
had a wide experience in the general con- 
struction of telephone, telegraph, and low 
and high voltage electrical equipment. 


LEONARD G. VAN Nuss (A’04), consulting 
engineer of Memphis, Tenn., and Lodi, 
Wis., died on September 24, 1932. He was 
born at Lodi in 1869 and graduated from the 
University of Wisconsin with the degree of 
B.S. in E.E. in 1896. He was then em- 
ployed in the machine shop of the Elgin 
National Watch Factory at Elgin, Ill., for 
one year and was then engaged in power line 
construction for a year. Between 1898 and 
1902 he was electrical engineer with Emer- 
son-McMillan Company engaged in central 
station work for companies in a number of 
different cities. In 1902 he became general 
manager of the Lincoln Gas and Electric 
Light Company at Lincoln, Nebraska. 
Later he was an official of the Memphis 
(Tenn.) Gas and Electric Company and re- 
mained active in public utility construction 
during his career. He had a wide experience 
in construction and rehabilitation of gas and 


electric properties and was considered an 
expert in analyzing the costs of operation 
and in conducting rate investigations. 


WALTER L. WoopMANSEE (A’23) chief 
electrician of the American Steel and 
Wire Company, South Works, Worcester, 
Mass., died recently as a result of severe 
burns received while making some electrical 
connections at the plant. Mr. Wood- 
mansee was born in 1875 in Noank, Conn. 
Between 1896 and 1898, he was engaged 
in the construction and testing of electrical 
motors and generators at the Eddy Elec- 
trical Company, Windsor, Conn., and 
between 1898 and 1902 was installing and 
repairing motors and generators for the 
W. C. McIntire Company, Philadelphia, 
Pa. For 2 years following 1902, he under- 
took electrochemical experimental work 
for Rogers and Hite, Conshohocken, Pa., 
after which he spent 2 years rebuilding 
electrical machinery for Yearsley and 
Levene, Philadelphia, Pa. From 1906 
until the time of his death, he held the 
position of chief electrician at the plant of 
the American Steel and Wire Company. 


WiLit1amM ALEXANDER BARRETT (A’07) 
died on May 4, 1932, according to word 
recently received at the Institute head- 
quarters. He was born at Wadesboro, 
N. C., in 1881, and was a graduate of the 
North Carolina Agricultural and Me- 
chanical College in the electrical engi- 
neering course. Following graduation he 
was employed by the Union Electric Com- 
pany of St. Louis, Mo., as meter inspector 
for one year, and later held a similar 
position with the Missoula Light and 
Water Company at Missoula, Mont. 
More recently, Mr. Barrett was electrician 
at the Puget Sound Navy Yard, Bremerton, 
Wash. 


Addresses Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad- 
dresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Anderson, F. C., 741 Oak Ave., Westfield, N. J. 

Bohner, C. W., 620—22nd Terrace, Miami, Fla. 

Brock, Geo., 1117 N. 15th St., Milwaukee, Wis. 

Florez-Estrada, Jose, Avenida De La Paz 60, 
Reparto Alture-Rio Almendares, Marianao, Ha- 
vana, Cuba. 

Heiser, Edwin S., 413 Federal Bldg., St. Paul, Minn. 

Jefferson, H. F., 633 Portola Ave., Glendale, Calif. 

Katz, Henry, 2714 Wallace Ave., New York, N. Y. 

Keller, Dr. Max Leo, Kornweg 8, Aarau, Switzer- 
land. 

Kirby, F. M., 22 E. 40th St., New York, N. Y. 

McShane, Joe B., 810 Western Natl. Bldg., San 
Antonio, Texas, 

ere ee. Rexford C., 100 High St., St. Clairsville, 

io. 

Nimetz, John B., 3442 Sacramento St., San Fran- 
cisco, Calif. 

Olsen, V., P. O. Box 404, Shanghai, China. 

Peterson, Alex., Central West Pub. Serv. Co., 
Omaha, Nebr. 


Uline, Wm. A. Northern Elec. Co., Guy & Notre 
Dame Sts., Montreal, Que., Can. 
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Local Meetings 


Past 


Section Mectings 


Akron 

ELECTRICAL INSTALLATIONS OF GUGGENHEIM 
INSTITUTE, by Prof. J. T. Walther, Akron Univ. 
Demonstration in airport lighting upon the arrival 
and departure of a tri-motor plane from Pittsburgh. 
DIFFERENT TYPES OF WIND TUNNELS, by Dr. 
Theodore Troller, resident director of Guggenheim 
Institute. Demonstrations. Oct. 11. Att. 73. 


Atlanta 


THE ENGINEER’S PLACE IN THE SuN_ by Prof. 
W. E. Freeman, Univ. of Kentucky, vice-pres., 
Weibek. “Oct..7, SAtt. 45: 


Boston 


Inspection trip through the new laboratories at 
Mass. Inst. of Tech. Oct. 19. Att. 90. 


Cincinnati 

SYMMETRICAL COMPONENTS, by A. W. Lewis, 
Westinghouse Elec. & Mfg. Co. Illustrations. 
Oct. 13. Att. 65. 


Cleveland 


ELEcTRIC SHOCK, by Dr. W. B. Kouwenhoven, 
Johns Hopkins Univ., vice-pres., A.I.E.E. Oct. 20. 
Att. 102. 


Columbus 
AIR CONDITIONING DEVELOPMENT, 
Robillard, Frigidaire Corp. Oct. 28. 


by-_Ry Ee: 
Att. 36. 


Connecticut 
SEEING, by Dr. Matthew Luckiesh, Gen. Elec. 
Co. Joint meeting with Engrs. Club of Hartford. 


Sept. 29. Att. 200. 

DESIGN AND MANUFACTURE OF SMALL MoToRS 
AND GENERATORS, by D. G. Shepherd, E. W. 
Borggrafe, and W. H. Haines, all of the Electric 
Specialty Co. Oct. 26. Att. 59. 


Dallas 


OVERHEAD CONDUCTOR VIBRATION, by R. A. 
Monroe, Aluminum Co. of America. Illustrated. 


Octil7.= Att. 60: 


Denver 
THE HUMAN SIDE OF CONSTRUCTING ENGINEERS, 
by Prof. F. V. Bliss. Dinner. Oct. 21. Att. 24. 


Detroit-Ann Arbor 
THe Pusiic UrTiiry DoLtLAR—WHERE IT 
Comers FROM AND WHERE It Goss, by A. C. 


Marshall, Detroit Edison Co. Dinner. Oct. 18. 
Att. 160. 
Fort Wayne 


THE DEPENDENCE OF AIR TRANSPORTATION ON 
THE ELECTRICAL ENGINEER, by C. F. Green, Gen. 
Elec. Co. Illustrated. Oct. 11. Att. 115. 


Houston 

INDUSTRIAL ENGINEERING AND THE ELECTRIC 
Urumities, by L. K. Del’Homme, Houston Lighting 
& Power Co. Dinner. Oct. 26. Att. 13. 


Indianapolis-Lafayette 

Low Vo.tTace Circuit PROTECTION WITHOUT 
THE USE OF FUSES IN COMBINATION WITH THE 
DEION PRINCIPLE OF ARC ExrtincTION, by H. G. 
Nichols, Westinghouse Elec. & Mfg. Co.  Illus- 
trated. Oct. 18. Att. 72. 


Kansas City 

THE DESIGN AND PURPOSE OF ELECTRIC DIS- 
PATCHING Boarps, by T. V. White, Amer. Auto- 
matic Elec. Sales Co.; TELEVISION, by G. L. 
Taylor, First National Television Co. Demon- 
strations. Oct. 25. Att. 65. 


Lehigh Valley 

ELECTRONS AT WORK AND AT PLay, by Phillips 
Thomas, Westinghouse Elec. & Mfg. Co. Demon- 
strations. Prize of $25 awarded to W. H. Lesser 
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for the best local technical paper. Joint meeting 
with Engrs. Club, held at Hotel Traylor, Allentown. 
Oct. 14. Att. 650. 


Los Angeles 


Tue INpDustRIAL Aspect, by W. L. Moreland 
Moreland Motor Truck Co.; THE TRANSPORTA- 
TION ASPECT, by Frank Carr, Pacific Elec. Co.; 
Tue FINANcrIAL Aspect, by O. E. Monnette. 
Bank of America. Joint meeting with A.S.C.E., 
A.S.M.E., and A.I.M.E. Oct. 12. Att. 600. 


Louisville 


Inspection trip to Dix River Dam. Oct. 29. 
Att. 35. 
Lynn 

CHasInc News Wirth a Camera, by A. H. 
Blackington. Illustrated. Oct. 19. Att. 475. 

Professor Nichols, of Tufts College, conducted an 
inspection trip to Nahant, Beach Bluff, and Salem 
to show local geological formations of particular 
interest. Oct. 29: Att. 35. 

THE SovarR Ecuipse, by Dr. 
Harvard Observatory Staff. Nov. 2. 


Madison 

THE EDGEWATER PLANT, by W. S. Campbell, 
Wisconsin Pwr. & Lt. Co. Dinner. Nov. 2. 
Att. 42. 
Memphis 

ACTIVITIES OF THE WAR INDUSTRIAL BOARD, 
by Major E. C. Kelton, U.S. Engineers’ Corps. 
Oct. 24. Att. 33. 
Mexico 

Annual banquet. 


D. H. Menzel, 
Att. 800. 


Oct. 29. Att. 40. 


Minnesota 


ECONOMICS IN RELATION TO PuBLIC UTILITIES, 
by Prof. J. M. Bryant, Univ. of Minnesota. Oct. 
Dhan Atti. 20; 


New York 

THE UTILITY’s PROBLEM, by H.R. Searing, N. Y. 
Edison and United Elec. Lt. & Pwr. Co.; Tue 
CONTRACTOR’S PROBLEM, by Allen Coggeshall, 
Hatzell & Buehler, Inc. Power group meeting. 
Oct. 14. Att. 400. 

AIR CONDITIONING AS A POTENTIAL FACTOR IN 
NATIONAL AND WORLD Economics, by W. H. 
Carrier, Carrier Engg. Co. Oct. 26. Att. 450. 

Wor.Lb-WIDE TELEPHONY, by Bancroft Gherardi, 
Amer. Tel. & Tel. Co. Communication group 
meeting. Nov. 1. Att. 525. 


Niagara Frontier 

RATIONAL CONTROL OF MOTOR STARTING CuR- 
RENTS, by R. T. Henry, Buffalo, Niagara & Eastern 
Pwr Co. (Oct 21. Att) 65: 


Oklahoma City 

VIBRATION OF OVERHEAD CONDUCTORS, by R. A. 
Monroe, Aluminum Co. of Amer. Oct. 20. Att. 
54. 


Philadelphia 


ADVENTURES IN SCIENCE, by E. L. Manning, 
Gen. Elec. Co. Oct. 10. Att. 125. 


Pittsburgh 

ELecrric SHock, by Dr. W. B. Kouwenhoven, 
Johns Hopkins Univ., vice-pres., A.I.E.E. Oct. 19. 
Att. 114. 


Pittsfield 
JAPAN, CHINA, AND THE WHITE Man, by Upton 
Close. Nov. 1. Att. 1100. 


Portland 
Annual dinner with six speakers. 
with N.E.L.A. Oct. 18. Att. 57. 


Providence 

GENERAL Evecrric Oi, Furnacrn, by F. A, 
Durkin, Gen. Elec. Co. Oct. 11. Att. 60. 

THE NARRAGANSETT ELECTRIC DISTRIBUTION 
System, by Orie Van Rye, New England Pwr. 
Engg. and Serv. Corp. Nov. 9. Att. 60. 


St. Louis 

OIL-FILLED, SELF-COOLED TRANSFORMERS BY 
TEMPERATURE, by H. B. Keath, Wagner Elec. 
Corp, Oct. 195 Att, 69: 


Joint meeting 


San Antonio 


San AntTonio’s NEw AUTOMATIC TELEPHONE 
System, by B. D. Hull, Southwestern Bell Tel. Co. 


Inspection trip through the plant. Sept. 26. 
Att. 142. 
VIBRATIONS IN OVERHEAD CONDUCTORS, by 


R. A. Monroe, Aluminum Co. of Amer. Demon- 


strations, Oct..18,  Attm42) 


San Francisco 


THE EUROPEAN VIEWPOINT, by Frank Copley; 
PROPOSED BOULDER DAM TRANSMISSION LINE, 
by Bradley Cozzens, Bureau of Pwr. & Lt. of the 
City of Los Angeles. Dr. J. F. Carroll explained 
the laboratory equipment and tests to be witnessed. 
Oct. 19. Att. 250. 


Saskatchewan 


Banquet. Joint meeting with E.I.C. Oct. 21. 


Att. 22. 


Schenectady 


METHODS OF OBTAINING COLORED MOTION 
PICTURE FILMS, by J. G. T. Gilmour, Gen. Elec. Co. 
Oct.6, “Att. 125; 


Sharon 

ELECTRONS AT WORK AND AT Ptay, by Dr. 
Phillips Thomas, Westinghouse Elec. & Mfg. Co. 
Film—‘‘Dynamite.’’ Oct. 21. Att. 230. 


Springfield 

TotaL ECLIPSES OF THE SUN, by B. V. K. 
French, Amer. Bosch Magneto Corp. Illustrated. 
Ott 10g Att 71. 


Toledo 


Executive committee meeting. Oct. 6. Att. 8. 

Soviet Russia, by Mr. Buchenburg, Electrical 
Autolite Co. Oct. 12. Att. 18. 

FUNDAMENTALS OF MAGNETISM, by W. W. 
Cummins, Toledo Edison Co.; Errrecrs or ELEC- 
TRIC SHOCK, by Dr. W. B. Kouwenhoven, Johns 


Hopkins Univ., vice-pres., A.I.E.E. Oct. 21. 
Att. 160. 
Toronto 
RECENT DEVELOPMENTS IN AIR BREAKER 


SWITCHING, by W. Gilson, Eastern Pwr. Devices. 
Oct. 14. Att. 90. 

THE FOUNDATIONS OF SCIENCE, by W. F. Suther- 
land, Toronto Hydroelectric System. Oct. 28. 


Att. 50. 
Washington 
Licut, by Prof. L. D. Bliss, Bliss Electricat 
School. Oct. 11. Att. 90. 
Worcester 


ILLUMINATION, by W. E. Haycock, Gen. Elec. 
Co.; Rapio, by Prof. H. H. Newell, Worcester 
Poly. Inst.; Arr CONDITIONING, by E. D. Learned, 
Worcester Elec. Lt. Co.; ExLectrric HraTING oF 
BUILDINGS, by W. A. Sutphen, New England Pwr. 
Engg. & Serv. Corp.; TELEPHONE, by J. W. Kidder, 
New England Tel. & Tel. Co. Dinner meeting. 
Oct.18. Att. 43. 


utace 
Section Meetings 


Boston 


December 13—LIGHTNING 
Messrs. Corney and Haynes. 

January 10, 1933.—INTERNATIONAL COMMUNI- 
CATION. 


ARRESTORS, by 


Cleveland 


December 15—SuBMARINE TREASURE HUNTING 
WitH UNDERWATER Lamps, by E. W. Beggs, 
Westinghouse Lamp Co. Joint meeting with Ill. 
Engg. Soc., at Westinghouse Lighting Studios 
Edgewater Park. 

January 19, 1933—Social meeting. 


Detroit-Ann Arbor 


December 13, at Detroit, 
Morors AND THEIR APPLICATIONS, 
Dudley, Westinghouse Elec. & Mfg. Co. 

January 17, 1933, at Detroit, Mich.—ExTEnDING 
OuR FRONTIERS THROUGH RESEARCH AND ENGI- 


Mich.—Evecrric 
by A. M. 


ELECTRICAL ENGINEERING 


NEERING, by H. P. Charlesworth, pres., AIUD ., 
vice-pres., Bell Tel. Labs., Inc. 


Fort Wayne 

December 7, at Chamber of Commerce.—DeEsIGN 
AND APPLICATION OF DEMAND Meters, by H. M. 
Witherow, Gen. Elec. Co.; PERFORMANCE CALcu- 
LATIONS FOR SPECIAL STATIONARY APPARATUS, 
by M. L. Schmidt, Gen. Elec. Co. 

January 17, 1933, at Home Tel. & Tel. Audi- 
torium.—D1aL ConrrRoL_LeD Rosors, by H. M. 
Bruckart, Home Tel. & Tel. Co.; A New DrveLop- 
MENT IN OVEN ContTROL, by R. M. Hartigan, Gen. 
Elec. Co. Inspection of the Fort Wayne Telephone 
Exchange. 


Lehigh Valley 

December 9, at Berkshire Hotel, Reading, Pa.— 
THREE YEARS PROGRESS IN FIELD INVESTIGATION 
Wirth AR?IFICIAL LIGHTNING, by K. B. McEachron, 
Gen. Elec. Co.; REVERSED REFRIGERATION FOR 
House aNnp WaTER HEATING, by G. Wilkes, W. F. 
Barstow Co. 


Pittsfield 

December 6—ROVINGS OF A GERMAN SEA 
RAIDER, by Captain Julius Lauterbach. : 

December 20—THEORY OF THE EXPANDING 
UNIVERSE, by Dr. Harlow Shapley. 

January 3, 1933—By Air tro Inca Lanp, by 
Robert Shippee. 

January 17, 1933—MopernN Raitway ELeEc- 
TRIFICATION—WITH SPECIAL REFERENCE TO 
PENNSYLVANIA SYSTEM, by J. V. B. Duer, Pennsyl- 
vania RR. Co. 


Toledo 
December 16—LIGHTING THE MODERN Clty, 
by L. A. S. Wood, Westinghouse Elec. & Mfg. Co. 
January 13, 1933—Arr ConpliITIONING, by H. B. 
Matzen, Carrier Corp. 


Toronto 

December 16—APPLICATIONS OF SYNCHRONOUS 
Morors, by Leech-Porter. 

January 13, 1933—CooRDINATION OF INSULA- 
TION, by W. W. Lewis. 

January 27, 1933—ASTRONOMY AND THE DuN- 
LAP OBSERVATORY, by Prof. Chant, Univ. of 
Toronto 


p ast 
Branch Meetings 


University of Alabama 

THE COMMERCIALIZATION OF THE X-Rays, by 
W. K. Price, student. Oct. 16. Att. 29. 

THE PowrR DISTRIBUTION OF TRANSIT LINES, 
by F. B. Gaines, student. Oct. 24. Att. 24. 


University of Arkansas 

BENEFITS OF MEMBERSHIP IN THE A.1.E.E., by 
Dean W. N. Gladson. Oct. 6. Att. 37. 

A review of the papers and events at the Con- 
ference on Student Activities, held at the University 
of Oklahoma, was given by several students. 
Oct. 27. Att. 32. 

Ture AMERICAN ENGINEER IN Russi4, by G. 
Smith, student; INVESTIGATION OF SINGLE ENERGY 
TRANSIENTS, by W. D. Thornberry, student; 
ENGINEERING FROM THE SALES VIEWPOINT, by 
C. E. Bradley, Gen. Elec. Co. Nov. 3. Att. 34. 


Armour Institute of Technology 
Discussion of Branch activities. 
ois 
AiR CONDITIONING, by M. J. Maiers, Central 
Station Institute. Illustrated. Oct. 21. Att. 35. 
Motion pictures. Nov. 4. Att. 30. 


Octiaiin Atty 


University of British Columbia 

WESTERN ELECTRIC SPEECH INPUT EQUIPMENT, 
by W. Smith, student; PHoro-TeLecraPHy, by 
L. Rader, student. Oct. 13. Att. 13. 


Polytechnic Institute of Brooklyn 

Tur APPLICATIONS OF THE PHOTOELECTRIC 
CELL IN THE HOLLAND TUNNEL, by Prof. Robin 
Beach. Refreshments. Nov. 2. Att. 65. 


California Institute of Technology 
M. S. Hodge, chmn., gave a report of the Pacific 
Coast Convention held in Vancouver. Prof. R. W. 
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Sorensen, counselor, gave a summary of the work 
carried on by the A.I.E.E. Oct. 14. Att. 26. 

H. C. Fracker, Bell Tel. Labs., Inc., gave a 
demonstration and lecture of the newly developed 
vertical cut phonograph records, recording, and 
amplification system. Oct. 20. Att. 300. 


University of California 


THE APPLICATION AND OPERATION OF THE 
TELETYPEWRITER, by R. Tibbetts and V. Tonjes, 
students. Motion pictures. Sept. 21. Att. 51. 

Initiation banquet. PRosLtemMs FouNpD IN THE 
ENGINEERING, SOCIAL, AND ECONOMIC FIELDS, 
by Dr. Ira,B: Cross; Sept. 23. Att. 57. 


Carnegie Institute of Technology 


THE DEVELOPMENT OF THE CARNEGIE TECH. 
BRANCH OF THE A.I.E.E., by Prof. G. Porter, 
counselor; PLACE OF AN ENGINEER IN ENGINEER- 
ING Society, by Dr. W. R. Work; BeEnerits I 
Have DERIVED FROM MEMBERSHIP IN THE 
A.I.E.E., by Dr. C. E. Skinner, Westinghouse 
Elec. & Mfg. Co. Oct.17. Att. 27. 

-TESTING RAILROAD TRACKS BY MEANS OF THE 
SPERRY RAILROAD Car, by Dr. W. B. Kouwen- 
hoven, Johns Hopkins Univ., vice-pres., A.I.E.E. 
Oct. 19. Att. 90. 


Case School of Applied Science 


Prof. J. R. Martin described his work in connec- 
tion with the eclipse. Oct. 21. Att. 31. 


Catholic University of America 


Election of officers: J. Springman, pres.; R. 
Bourne, vice-pres.; T. J. Nally, secy.; F. Hurson, 
treas. Oct. 4. Att. 20. 


Clemson Agricultural College 


Executive meeting. Oct. 4. Att. 51. 

A MODERN EUROPEAN POWER PLANT, by M. G. 
Miller, student; THe DEVELOPMENT OF ELECTRI- 
CAL MACHINERY IN THE U.S., by H. A. Clayton, 
student; current events, by E. B. Shaw, student. 
Oct. 25. Att. 34. 


Colorado Agricultural College 


Prof. G. Z. Dimitroff outlined his trip to New 
England to photograph the total eclipse of the sun. 
Joint meeting with A.S.M.E. branch. Oct. 24. 
Att. 26. 


University of Colorado 


Tue CONSTRUCTION, MANAGEMENT, AND FuUNC- 
TIONS OF THE A.I.E.E., by Prof. W. C. DuVall, 
counselor, and Prof. M. S. Coover, District secy. 
A.T.E.E. Oct. 5. Att. 53. 

My VACATION TOUR OF FRANCE, SWITZERLAND, 
GERMANY, AND ENGLAND ON A BICYCLE, by J. M. 
Evans, student. Illustrated. Joint meeting with 
A.S.M.E. Branch. Oct. 19. Att. 52. 


Cornell University 

PoLiTicaL ISSUES AND THE STOCK MARKET, by 
J. W. McWilliams, student; Tue Maxkinc oF 
LATERAL CuT RECORDS ON ALUMINUM DISsKs, by 
J. W. Conn, student. Oct. 28. Att. 25. 


University of Denver 


ELECTRICAL ENGINEERING AND SENIOR BRANCH 
or A.I.E.E., by Prof. R. E. Nyswander, counselor. 
Oct. 11. Att. 20. 

Inspection trip through the terminal station and 
two substations of the Public Service Co. of Colo. 
Att. 12. 


University of Detroit 


LIGHTING OF THE CAMPUS AND POWER FACTOR 
CorRECTION, by Prof. H. O. Warner, counselor. 


Films—‘Vacuum Tube Synchronization,’ ‘‘Syn- 
chronizing Machine Construction.’’ Oct. 27. 
Att. 42. 

Duke University 

Tue ADVANTAGES AND DISADVANTAGES OF 


DovuBLE CONDUCTOR TRANSMISSION LINES, by 
D. E. Cook, student; THe EXPANSION OF ELEC- 
TRICAL ENGINEERING FIELDS, by W. J. C. Brown, 
student. Oct. 18. Att. 27. 

FALLACIES OF MATHEMATICS, by Wm. Karpinsky, 
student; THE ENGINEER’S PLACE IN THE SUN, by 
Prof. W. E. Freeman, Univ. of Kentucky, vice- 
pres., A.I.E.E. Nov. 3. Att. 33. 


University of Florida 

THE FLORIDA PORTLAND CEMENT PLANT AT 
Tampa, Fua., by J. B. Smith, student; THINGS oF 
INTEREST IN THE BELL TELEPHONE LABORATORIES, 
by E. L. Stuhrman, student. Oct. 18. Att. 40. 


University of Idaho 

Films—‘‘Manufacturing Mazda Lamps,’ and 
“Power Transformers.’’ Dinner. Oct. 4. Att. 
26. 


University of Illiaois 


THE THEORY OF OSCILLATORY CrRCUITS, by 
Mr. Veach, student. Film—‘‘The Electric Ship.” 
Oct 12" Att. 127, 


University of Iowa 


R.O.T.C. SUMMER Camp Lire, by T. R. Mac- 
Dougall, student. J. W. Blessing elected secy. 
Oct. 5. Att. 31. 

General discussion and inspection of the new dial 
telephone exchange. Oct. 12. Att. 32. 

DiaL TELEPHONE SYSTEMS, by H. Hammond, 
student; ELIMINATION OF RapDIO INTERFERENCE, 
by A. Shradel, student. Oct. 26. Att. 38. 

FLoop LicuTiInc, by C. Bartholow, student; 
GuIDING AIRPLANES BY RapiIo, by Wm. Benineosa 
student. Nov. 2. Att. 36. 


University of Kentucky 


Election of officers: R. H. Gray, pres.; 
Graham, secy.-treas. Sept. 21. Att. 48. 


E. W. 


Lehigh University 


AIRPORT LIGHTING, by W. D. Hickman, student; 
My EXPERIENCES AT HARVARD AND M.I.T., by 
Prof. J. L. Beaver. Committees appointed. Oct. 
7. Att. 50. 

THE Cosmic Ray, by Dr. R. A. Millikan, Calif. 


Inst. of Tech. Oct. 26. Att. 780. 
Lewis Institute 
Prof. F. A. Rogers, counselor, outlined the 


privileges and advantages of student enrolment in 
the A.I.E.E.° Oct. 18. Att. 120. 
Election of officers: I. R. Ekstrom, pres.; Walter 


Bohne, secy.-treas. Nov. 3. Att. 88. 
Louisiana State University 
Discussion. Nov. 8. Att. 21. 


University of Louisville 


Dix RIveR DAM ELecrRic POWER PROJECT, by 
Mr. Jefferson, student. Film—‘‘Pathways of 
Progress.””. Nov. 7. Att. 23. 


Michigan College of Mining and Technology 


Prof. G. W. Swenson, counselor, outlined the 
advantages of membershipin the A.I.E.E. Oct. 13. 
Att. 42. 

DISTRIBUTION, by I. H. Gronseth, Board of 
Water & Elec. Lt. Comm. Oct. 19. Att. 46. 


Inspection trip to the Howell Motors Co. Oct. 
26:, PAE LT: 
Ultra short wave radio demonstration. Nov. 2. 


Att. 41. 


University of Michigan 

Election of officers: J. M. Lyon, chmn.; G. 
Leland, vice-chmn.; I. J. Sattinger, secy.; D. J. 
Carr, treas. Film—‘‘Nature’s Frozen Credits.” 
Oct. 17%. Atts "54. 


Milwaukee School of Engineering 


ELECTRIC SECTIONAL DRIVE FOR’ PAPER 
MAKING MACHINERY, by E. H. Laabs, Cutler- 
Hammer Mfg. Co. Oct. 12. Att. 76. 


University of Minnesota 


EXPERIENCES AT OXFORD, 
Oct. 12. Att. 140. 


by Fred Hovde. 


Mississippi State College 


Discussion. Oct. 12. Att. 30. 


University of Missouri 


SyncHRONOUS Morors, by C. Haines and F. 
Hubbell, students. A. Coffman, student, outlined 
the Conference on Student Activities, held at the 
Univ. of Okla. Nov. 2. Att. 27. 


Montana State College 


X-Ray AND CaTHODE Ray TUBES IN BIOLOGICAL 
SERVICE, by L. Ambrose; THE ENGINEER IN A 
CHANGING Socisty, by R. V. Bauer; UNDER- 
GROUND Conpuit CoNnstTrRucTION, by J. Cromer; 
A NOISELESS AND FLAMELESS HIGH-VOLTAGE 
FuskE, by Loran Eisele; ERrEcTING PoLes WITH 
Conpuctrors ATTACHED, by C. L. Grebe, all 
students. Oct. 13. Att. 86. 

WELDING STEEL STRUCTURES, by Rex Wyman; 
A 115,000 Kw. TurBo-ALTERNATOR, by E. Roth- 
fus; RapIO AND TELEVISION, by T. Degenhart and 
J. Lightfoot, all students. Oct. 20. Att. 89. 

THE CHARACTERISTICS OF SOME MINIATURE 
Lamers, by D. A. Nauck; HicHway LIGHTING, 
by J. Antonich; VusiTING BuTtTr’s GREATEST 
InpustRY, by M. Axelson; FURTHER RESEARCH 
IN INJURIES FROM ELECTRIC SHOCK, by C, Bergland, 


all students. Oct. 27. Att. 95. 
University of Nevada 
Discussion. Oct. 7. Att. 7. 
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Newark College of Engineering 


Members attended the George Washington Bi- 
centennial celebration, sponsored by the joint 
professional engineering societies of Essex County, 
at which Roy V. Wright, editor of Railway Age, 
spoke on GEORGE WASHINGTON, THE ENGINEER. 
Oct. 19. Att. 25. 


University of New Hampshire 
Film—‘‘Anthracite.’’ Sept. 24. Att. 31: 
TESTING PAPER FOR ELECTRICAL INSULATION, 

by H. T. Dickson; CORRECTING READINGS TAKEN 

ON SMALL PoweER Morors, by A. E. Dogan; Eppy 

CuRRENTS, by H. W. Feindel; E. Horne covered 

the question box in Electric Journal, all students. 

Oct. 1. Att: 27. 

NotTHING MorE Mopern, by H. W. Machon; 
AN ORDEAL BY WATER and Eppy CURRENTS, by 
O. Abbiatti; MECHANICAL VIBRATION RESEARCH, 
by A. F. Allen; THe CLock ON THE MANTEL, by 
E. L. Huse, all students. Oct.15. Att. 32. 

TYPES OF SUPPLY FOR THREE WIRE SYSTEMS, 
by C. W. Quimby; Fusinc THE NEUTRAL OF A 
THREE WIRE SYSTEM, by H. W. Hamm; THE 
HoMoPOLAR OR UNIPOLAR GENERATOR, by R. C. 
Loeschner; GuN ReEcoIL CONTROL, METALIZED 
Woop, and Invistsre Wire Harr, by M. H. 
Sargent, allstudents. Oct. 29. Att. 29. 


College of the City of New York 


INDUSTRIAL CONTROL PROBLEMS, by O. H. 
Diefendorfer, Gen. Elec. Co. Oct. 20. Att. 51. 
Discussion. Oct. 27. Att. 29. 


New York University 
Prof. H. N. Walker, counselor, outlined future 
plans. Oct. 14. Att. 18. : 
Tue PHOTOELECTRIC CELL, by Mr. Zdanowitz, 
student; PusH-PuLt AMPLIFIERS, by Mr. Christie, 
student. Oct. 28. Att. 20. 


North Carolina State College 

Tue Evectrric PowER DEVELOPMENT IN SyRIA, 
by J. R. Salem, student; ENGINEERING TOPICS OF 
THE Day, by C. M. Smith, Jr., student. Oct. 18. 
Att. 42. 

CounTING SALMON IN ALASKA, by J. S. Culbert- 
son, student; ENGINEERING Topics oF THE Day, 
by C. M. Smith, Jr., student; TecHNocracy, by 
F. E. Brammer, student. Nov. 1. Att. 35. 


University of North Carolina 

Tue AiIMs, FUNCTIONS, AND ORGANIZATION OF 
THE A.I.E.E., by Prof. J. E. Lear, counselor; THE 
A.1.E.E. CoNvENTION AT CLEVELAND, by Prof. 
E. W. Winkler. Oct. 13. Att. 50. 


University of North Dakota 
Carssons, by Boyd Begg, Raymond Concrete 


Pile Co. Oct. 5. Att. 21. 

Talk by P. J. Montgomery, Northern States 
Pwr. Co. Oct. 19. Att. 21. 

Film—“‘Electricity Goes to Sea.’ Nov. 3. 
Att. 17. 
University of Notre Dame 

ELECTRICAL APPLICATIONS TO MUNICIPAL 


GovERNMENT, by E. A. Quallis, supt., City Elec- 
trical Dept. of South Bend. Oct. 19. Att. 70. 

MAxKiInG A LIVING WITH AN ENGINEERING 
EpucarTion, by J. P. Kennedy; Patrenrs—How 
To Get ONE AND THE Cost, by Leo Hanlon, stu- 
dent; ELECTRIFICATION OF THE GREAT NORTHERN 
Raitway, by John Land, student; P. McCaffary, 
student, gave the bi-weekly review of current engi- 
neering news. Nov. 2. Att. 54. 


Ohio State University 

History AND FOUNDING OF THE A.I.E.E., by 
Prof. F. C. Caldwell, counselor; THe ENGINEER 
In INDUSTRY, by Prof. Bibber. Oct. 13. Att. 40. 


Ohio University 

Prof. A. A. Atkinson, counselor, and J. Hoskin- 
son, chmn., outlined the advantages of membership 
in the A.I.E.E. Oct. 10. Att. 23. 

Remote ConTROL oF SHIPS FROM LAND STA- 
TIONS, by W. Cooper and C. Eddy, students. 
Oct. 19. Att. 14. 

How Evecrriciry Received ITs START IN 
ATHENS, by Prof. A. A. Atkinson, counselor. 
Nov. 2. Att. 15. 


University of Oklahoma 
Prof. F. G. Tappan, counselor, explained student 
eurolment in the A.I.E.E. Oct. 5. Att. 18. 


Oregon State College 

ACCEPTANCE TEST OF THE Rock IsLAND Hy- 
DRAULIC Unit, by J. F. Spease,{,Gen. JElec. Co. 
Oct. 20. Att. 39. ' 


Pennsylvania State College 
Smoker. Oct. 5. Att. 60. 
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Rensselaer Polytechnic Institute 


CONSTRUCTION OF THE NEW TRANSMISSION 
LINE BETWEEN ALBANY AND WESTCHESTER 
Countigs, by A. G. Strickrott, N. Y. Pwr. & Lt. 
Corp. Oct. 18; Att. 350. 


Rhode Island State College 


Film—‘‘Nature’s 
Att. 25. 

MICHAELSON’S EXPERIMENTS ON THE VELOCITY 
or Licut, by Prof. Wm. Anderson, counselor. 
Oct) 205 Att. 16: 

INDUSTRIAL APPLICATIONS OF THE THYRATRON 
TuBE, by E. A. Hancock and A. J. Moore, both of 


Frozen Credits.’ Oct. 13. 


the General Elec. Co. Nov. 2. Att. 175. 
Rutgers University 
Discussion. Oct. 4. Att. 19. 


PRACTICAL TESTING OF TELEPHONE CABLES, by 


L. M. Leeds, Amer. Tel. & Tel. Co. Oct. 18. 
Att. 19. 
Film—‘‘Conowingo.”’ Nov. 1. Att. 41. 


University of Santa Clara 


INDUSTRIAL ACHIEVEMENTS IN OTHER COUN- 
TRIES, by Warren McBride. Joint meeting with 
A.S.M.E. Branch. Oct. 7. Att. 66. 


University of South Carolina 


TELEVISION, by G. W. Arrants; Tue LINER 
THatT CANNOT ROLL, by T. J. Bennett; EvLecrric 
ArIps To MEDICINE, by S. A. Black, all students. 
Oct. 10. “Atte 33: 

NicGut LIGHTING FOR OUTDOOR Sports, by D. W. 
Cardwell; Rapto aND DyNamiTe FIND EARTH’S 
SecreT Ricues, by T. H. Coughman; Evescrric 
Sure CALIFORNIA, by C. L. Bradley, all students. 


Oct. 17. Att. 34. 
More Power To CANADA, by R. F. Cuthbertson, 
student; PHOTOELECTRIC CONTROL OF PAPER 


CUTTER REGISTER, by N. J. Christensen, student. 
Oct. 24. Att. 35. 

Rapio Activity, by M. Garris; WELDING, by 
L. Folson, OVERSEAS TELEPHONY, by A. G. Dan- 
iels, all students. Oct. 31. Att. 33. 


South Dakota State School of Mines 


Discussion. Oct. 12. Att. 25. 
Albert Hall elected vice-chmn., and Charles Reed 
elected secy.-treas. Oct.21. Att. 26. 


University of Southern California 


THE ESSENTIALS OF A SUCCESSFUL ENGINEER, 
by Mr. Rowley, Los Angeles Bureau of Water and 


Power. Sept. 21. Att. 26. 
ENGINEER AND His Socrat Asprcts, by Dean 
Bacon. Sept. 28. Att. 20. 


HicuH Heap, REMOTE CONTROL, PUMPING STA- 
TION AT BOULDER Dam, by W. F. Grimes, Westing- 
house Elec. & Mfg. Co. Oct. 5. Att. 29. 

Banquet. Oct. 13. Att. 24. 


Southern Methodist University 


RECENT DEVELOPMENTS IN THE MB&TERING OF 
ELECTRICAL ENERGY, by M. P. Jones, student. 
Oct. 19. Att. 8. 


Stanford University 

Events at the Pacific Coast Convention, held in 
Vancouver, outlined by several students. Oct. 11. 
Att. 30. 


Stevens Institute of Technology 


Rotts Royce TyrpeE R ENGINE USED IN THR 
SCHNIEDER TROPHY Racss, by Prof. E. Fezandie. 
Oct. 7. Att. 44. 


Syracuse University 

CrysTaL CONTROL OF THE VACUUM TuBB, by 
A. Adams, student; Rapro Bpracons, by C. P. 
Bower, student. Oct. ll. Att. 23. 

POWER TRANSMISSION, by J. S. Brzostek, student; 
X-Rays, by R. Bradshaw, student. Oct. 18. 
Att. 23. 

POWER TRANSMISSION AND DISTRIBUTION IN 
Syracuse, by A. Carley, student; Srarie Evrmr- 
NATION IN RApIO SerTs, by C. M. Crysler, student. 
Oct. 25. Att. 20. 

Inspection trip to hydroelectric power plants at 
Salmon River and Oswego. Nov. 1. Att. 21. 

Harmonic ANAtysis, by Prof. C. W. Henderson, 
counselor; ELmecrricAaL HoMre ar PRESENT, by 
L. E. Dawley, student; ELecrricaL Homp or THE 


Future, by N. F. Emig, student. Nov. 8. Att. 
21. 
University of Tennessee 

Discussion of future activities. Oct. 5. Att. 20. 


Films—“Sugar Cane Industry in Cuba” and 
“Construction of the Panama Canal.’’ Oct. 19. 
Att. 25. 

CHARACTERISTICS OF A MeRcuRY VAPOR TuBp, 
by A. C. Seletzley, and S. T. Shevki, presented by 


Wiley Patton, student. Review of current events 


given by Mr. Lerch, student. Nov, 2. Att. 14, 
Texas A. & M. College 
Election of officers: G. H. Samuels, chmn.; 


W.E, Steele, vice-chmn.; J. 1. Walton, secy.-treas. 
Oct. 4. Att. 80. 

Wuy Mopern Hicn Sprep RatLway Service 
Is Possisup, by H. B. Yarbrough; Srray Lossms 
or A D.C. Dynamo, by J. K. Jones; PermMpasiriry 
TUNING oF BRoapcaAst Rwecpivers, by C. C., 
Johnston; AN ULTRA Suorr Wave TRANSMITTHR, 
by G. C. Hutcheson; Licurntnc Prorecrion, 
by A. J. Ismeal, all students. Oct. 11. Att. 26. 

Film—‘‘Conowingo.’’ Oct. 27. Att. 90. 


Texas Technological College 

THe AIMS AND PURPOSEKS OF THE STUDENT 
BRANCHES, by J. Preston Conner, student. Tur 
ADVANTAGES OF A TeenHnicaL Epucarron, by Dr, 
Bradford Knapp. Oct. 5. Att. 29. 


University of Texas 


W. B. Hurt elected corresponding secy. 
Att. 28. 
Some FUNDAMENTALS ON INDUCTIVE COooRDINA- 


Oct. 5. 


TION, by David Sussin, student. Oct. 13, Att, 12, 
University of Utah 

Film—‘‘A Trip Through the G, E, Plant.’ Oct. 
26. Att. 36. 

New TRANSMITTER EQUIPMENT AT STATION 


KSL, by E. G. Pack, radio engr. at that station, 
Nov. 2. Att. 38. 
University of Virginia 

Discussion. Oct. 14. Att. 14. 

THE ENGINEER’S PLACE IN THR SuN, by Dean 


W. E. Freeman, Univ. of Kentucky, vice-pres., 
A.LE.E. Oct..20. Att. 24. 


Virginia Military Institute 


ARMATURE AND STATOR WINDINGS, by N. W. 
Dingman; EvLmevarorR SERVICE IN OUR Moprern 
SKYSCRAPERS, by J. T. Taylor; IMPROVING THRE 
PRESTIGE OF THE ENGINEERING PROFHSSION, by 
G. S. Bernard; Tare Story or Frequency, by 
C. E. Schoonover, all students. Sept. 23. Att. 
Vala, 

NorHinG More Mopern, by R. S. Singleton; 
ELecrric Locomorives, by J. M. Troutt; Moror 
Car Desicn, by G. C. Wilson; Gurprne Arr- 
PLANES BY RApio, by T. R. Wise, all students. 
Oct. 1. Att. 106. 


Virginia Polytechnic Institute 


Film—‘Conowingo,”” Oct. 13. Att. 168. 

THE ENGINEER'S PLACE IN THE SUN, by Prof. 
W. E. Freeman, Univ. of Kentucky, vice-pres., 
ATER. (“Octs21,) Atte 66. 

Hicuway and Srreer LicHTrinc, by W. E. 
DeBrick; REVERSED REFRIGERATION, by G. Giles, 
Jr.; Too Many Enctnerrs, by E. H. Farley; 
COMMUNICATION AS AN AID TO TRANSPORTATION, 
by J. L. Brown; PuHILrApELPeuta’s New EvEerrican 


SrructrurRpB, by R. P. Haskins, all students. Oct. 
icmmette aos 
State College of Washington 

General discussion. Oct. 14. Att, 25, 
University of Washington 

FREQUENCY MopuLATION or Rapio Wavnrs, 
by E. D. Scott, student. Oct.13. Att, 25, 


Business ConpIrions AS Tary Arrecr THE 
StupenT, by L. E. Karrer, Puget Sound Power & 
Light Co. Oct. 20, Att. 21. 

Film—‘Nature’s Frozen Credits.’’ Oct. 27. 
Att. 23. 


West Virginia University 

TAMING A TRoprc TORRENT, by R. H. Colborn; 
Loncrst TeLerHuonn CABLE IN THR WoRLD, by 
U. A. Chapman; Is Rapvro Maxine Us a Racw or 
Morons? by J. G. Henderson; Tyrr 57 Rapto 
Tusr, by N. I. Hall; Experirence IN TrstinG 
PORCELAIN, by J. E. Wallace; TupmrRmMostrarie 
ConTrou oN Moror Crrcurts, by M. B. Tolley; 
Lire oF BENJAMIN CARVER LAMMR, by R. Mar- 
shall, all students. Oct. 10. Att, 22. 

SyncurRonous Moror Errrer in INDUCTION 
Morors, by F. Q. Brown; Wave FReouBNCY 
Merer, by G. F. LeFeure; Crrceurr Dracrams, 
by J. Millard; Lirrte Water Passns Eacun Pass, 
by E. C. McMillan; S. S. Manmarran, by'C. B, 
Sims; ComMMuUNICATION AT NATIONAL CoNVEN- 
TION, by P. M. Vannoy; Consranr CuRRENT 
Srrepr Licur Crecurr, by L. P. Lovett, all stu- 
dents. Oct. 17. Att. 26, 

TESTING SURGE GENERATORS, by R. Caddock; 
BroGRAPHY OF CHARLES P. SreinmMprz, by G. 
Henderson; W. Va. Untverstry HwaATine PLANT, 
by R. R. McCue; Peart Srrewr GENBRATING 
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PLANT, by E. J. Wilhliams; Pusriic ApprREss 
SysTeM, by W. D. Hall; Mopern LIGHTING IN 
INTERURBAN Cars, by L. H. Winger, all students. 
Oct. 24. Att. 24. 

DESCRIPTION OF AN ALEXANDREAN ALTERNATOR, 
by N. I. Hall; 75-Kv SusmMarine CaBLE FOR 
DEEPWATER STATION, by J. E. Wallace; Powxrr 
ELIMINATORS, by M. B. Tolley; Dreser Power 
STATIONS, by R. Marshall; HypRoGEN as A CooL- 


ING MeEpIUM FOR ELECTRICAL MACHINERY, by 
R. H. Colborn; 
GREAT BRITAIN, by L. W. Hall; 
CONTROLLING THE SPEED oF INDUCTION MorToRrs, 
by W. C. Monteith, Jr., all students. 
Att. 25. 


TURBINE DESIGN HERE AND IN 
METHODS OF 


Oct. 31. 


University of Wisconsin 


Moving pictures. Oct. 19. Att. 28, 


aS ae Notes 


Of the Epaineeniad Societies Eniplovmment Service 


Men 
Available 


Construction 


ELEC. CONSTRUCTION ENGR with 10 yr 
practical experience in elec. construction on new 
and old buildings, including estimating, field engg. 
and designing. Have had complete charge of elec. 
construction on many buildings in New York City 
and can furnish the best of references. Available 
atonce. A-850. 


CONST. MAIN. ENGR, 36, married, factory 
layout installation, inventive, new ideas pertaining 
to elec. and steam mach. conveyors, switchboard 
design. Power plant layout and _ installation, 
const. transmission, also good in marine work. Lo- 
cation anywhere. D-1622. 


E.E. GRAD., Ohio State, 1929, married, 29. 
Three yr communication training with Ohio Bell 
Tel. Co., including outside line and cable con- 
struction, subway, pole line, maintenance, in- 
stallation and testing experience. Not afraid of 
hard work. References furnished. Available im- 
mediately and will go anywhere. D-1674. 


GRAD. E.E., 29, five yr supervisory construc- 
tion, design, estimating and field engg experience 
on super-power plants and substations; 4 yr indus- 
trial power plant operation. Elec. construction 
and maintenance experience; railway electrification 
construction experience. C-4428. 


Design and Development 


DISTRIBUTION, DESIGN OR MANU- 
FACTURING ENGR, E.E. grad. 27, married. 
Six yr experience with Westinghouse on distribu- 
tion, special and small transformer designs. De- 
sires responsible position as transformer design, 
development or mfg. engr or e.e. for mfr., utility, 
holding company or where knowledge of big com- 
pany’s methods may be used. Available immedia- 
ately. D-963. ' 


E.E., univ. grad., elec. power experience, both 
design "work and construction and maintenance 
work, desires position with power or mfg. organiza- 
tion offering permanent or temporary position in 
office or field. B-1923. 


E.E., univ. grad., 34, single, 7 yr experience in 
drafting design, installation distribution networks, 
power companies and industrial plants. Five yr 
with communication engg in design, manufacture 
of testing equipment. Good mathematician, good 
draftsman. French, German, Spanish. Desires 
responsible position. Anywhere. D-1514. 


E.E. GRAD., 33, 10 yr experience in the elec. 
industry, 8 yr actual experience on the design of 
motors and fans. Capable of assuming full re- 
sponsibility for development of a-c and d-c motors 
and generators. peeneet references. Middlewest 
preferred. C-535: 


ELEC.-MECH. ENGR _ with metallurgical 
knowledge. College grad. with post grad. study. 
Age 30, married. Westinghouse design training. 
Six yr experience design elec. circuits and mech. 
details of control apparatus, specialized in elevator 


equipment. Interested in alloy welding research. 
Location immaterial. Available on short notice. 
C-9638. 


ELEC. AUTOMOTIVE ENGR, desires posi- 
tion with medium size manufacturer on design and 
development of automotive accessories. Have 
patented 19 automotive accessories. Ten yr ex- 
perience and at present experimental and auto- 
motive engr on fleet of 2,300 trucks, ete. Techni- 
cal education, age 32. Location New York or 
Philadelphia. D-1653. 


E.E., 34, 10 yr experience covering design, 
cost estimating, and equipment specifications of 
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power plants, industrial buildings, copper and oil 
refineries, substations and _ transmission lines. 
Also one yr as assist. research engr with cable co., 

and one yr as elec. tester with elevator co. Speak 
German. C-5473. 


ELEC. DESIGN ENGR, 31, single, 8 yr ex- 
perience in design and analyzation of manual and 
automatic telephone circuits. Experience on relay 
and switch controlled circuits for signaling or 
alarms. Available at once. D-1647. 


E.E. GRAD., 27, single, desires position in de- 
sign, development or teaching. One yr testing 
d-c machinery and controls, 4 yr development of 
outside plant hardware for telephone use. Avail- 
able at once. Salary and location open. D-1305. 


E.E. GRAD. of Purdue, 18 yr experience in 
railway, power plant, substations, transmission 
line, steel mill and paper mill design, construction 
and operation. G. FE. test. Valuation, appraisal, 
invention. Two yr sales. Available now. Loca- 
tion immaterial. C-8256. 


ELEC. DESIGNER, 32, married, equivalent 
of a college education, best of references, 14 yr 
experience in design of hydroelectric and steam 
power plants, automatic railway, high and low 
tension substations and low tension network sys- 
tems. Available at once. Location immaterial. 
B-8628. 


Executives 


INDUS. CONTROL AND SWITCHGEAR 
ENGR, Cornell graduate, married. Practical 
technical experience of 15 yr estimating, design, 
building, installation and operating of manual 
and automatic control applied to productive and 
central station industries. D-1273. 


AVAILABLE AT PRESENT ee. grad. 1920. 
Twelve yr. Bell System experience, 2 months’ G.E. 
test. Married, 2 children. D-1617 


E.E., grad., 33, single, 9 yr experience. G. E. 
test and switchboard engg. Is thoroughly familiar 
with relay, meter and power circuits together with a 
broad knowledge of power plant and industrial 
elec. requirements. Can locate anywhere. B- 
8365-4018-Chicago. 


E.E. GRAD., 37, married, with 15 yr experience 
covering Westinghouse test and public utility opera- 


ENGINEERING SOCIETIES 


57 Post St. 
San Francisco 


AINTAINED by the national societies of civil, 

mining, mechanical, and electrical engineers, 
in cooperation with the Western Society of Engi- 
neers, Chicago, and the Engineers’ Club of San 
Francisco. An inquiry addressed to any of the 
three offices will bring full information concerning 
the services of this bureau. 


Men Available.—Brief. announcements will be 
published without charge, repeated only upon 
specific request and after one month’s interval. 
Names and records remain on file for three months; 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


Familiar with elec., 
Prefer executive posi- 
Location immaterial. 


tion, finance and valuation. 
gas, and water properties. 
tion with public utility. 
D-1639. 


ELEC.-MECH. ENGR; univ. grad., married, 
34; 4 yr steel mills, one yr G. E. test, 3 yr public 


utility, 4 yr industrials.+ Estimates, designs, 
specifications, developments, tests, construction, 
supervision. Steam hydraulic power plants, 


manual automatic substations, converter stations, 
industrial buildings, overhead underground trans- 
mission systems, high low voltage equipment. 
Available immediately. C-2907. 


ASST. ENGR, 14 yr experience, 34, married. 
Nine yr with 2 large eastern utilities, full engg 
charge in the installation and maintenance of sub- 
stations and generating stations. Five yr with 
leading mfgr., design, development and produc- 
tion engg, outdoor substations and substation and 
transmission switching and protective equipments. 
D-1644. 


B.S. in E.E., 26, single. Three yr general 
engg experience, including erecting and testing 
power equipment; conducting illumination and 
voltage surveys. Peculiarly fitted for e.e. service 
in Spanish speaking countries; can speak Spanish 
and English equally well. D-1462. 


GRAD. ENGR, age 31. Ten yr experience in 
public utility and industrial field. Most of time 
on standardization, valuation and other problems 
of public utility economics including future ex- 
pansion and budgetary control. Am conscientious 
worker and will make good man for some utility 
ioe to study changing economic conditions. 
B-6934. 


ELEC. ENGR, married, E.E., M.E. 22 yr ex- 
perience, designing, construction power plants, sub- 
stations, transmission, distribution systems, and 
industrial plants. Three yr charge purchasing 
engineering equipment, foreign interests. Three 
yr executive experience charge engineering depart- 
ment large utility syndicate. English, German, 
Russian, Armenian, Turkish languages. Avail- 
able immediately. D-84. 


GRAD. E.E., B.Sc., Master Bus. Adm., studies 
toward M.Sc., 36, single; 15 yr broad experience; 
power plant, substation design and wiring diagrams; 
appraisals; automatic telephone equipt., cable 
inspection and specs.; test work on motors and 
gens.; instructor elec. lab. 
responsibility with 
consulting engr or teaching. 


Desires position, of 
industrial concern, utility, 
B-7877 


Inspection 


ELEC. GRAD., 38, sie 6 yr experience 
factory testing, W.E. : Co., East Pittsburgh, 
Pa. One yr steel ae installing and testing 
elec. equipment. 6 months’ factory inspection of 
transformers. 2!/2 yr general inspection of elec. 
equipment with insurance co. Good reference. 
Available immediately. Any location. D-1461. 


Instruction 


GRAD. E.E., 7 yr teaching, 18 yr practical ex- 
perience. The ‘last 12 yr has been along mechani- 
cal lines; steam, gas, air and water engineering, 
ore and alkali plants, handling, conveying, and 
process equipment. Taught heat power engineer- 
ing at Oregon State College and elec. lab. at Beaune, 
France. Location immaterial. A-3651. 


GRAD. E.E., and M.S. in Physics, 30, married. 
Three yr teaching physics in univ. Five yr re- 
search, high voltage insulation studies; ferro- 
magnetic alloys; a-c, d-c, high frequency measure- 
ments; high vacuum technique; X-ray analysis. 
Publications. At present grad. asst. in physics. 
Desires teaching physics or e.e., engg or research 
position. Available Jan. 1. D-1616. 


EMPLOYMENT SERVICE 


205 West Wacker Drive 
Chicago 


31 West 39th St. 
New York 


Opportunities—A weekly bulletin of engineer- 
ing positions open is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable in advance. 


Voluntary Contributions.—Members benefiting 
through this service are invited to assist in its further- 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 


Answers to Announcements.—Address the key 
number indicated in each case and mail to the New 
York office, with an extra three-cent stamp enclosed 
for forwarding. 
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ASSOC. OR ASST, PROF. OF E.E., age 34, 
B.S, in BLE. and M.S, in E.E. degrees. Five yr 
teaching experience leading tech, school, 3 yr as 
asst. prof Four yr in charge of education and 
training for national technical corp Any location 


C-8967. 
Junior Engineers . 

M.S. in E.E. 1982, Univ. of Pa., 23, single, de 
sires position atiording e.e. experience. Salary 
secondary. Go anywhere Available immediately 
D-1601. 


GRAD. B.E. 1929, M.S. in B., 19382; 18 months’ 
test experience at G. FE, Co. with all types of elec. 
machinery, also some research experience. De- 
sires engg opportunity, Salary and location 


secondary. Available immediately. C-9008. 
E.E. GRAD., 1982; Rensselaer P. I., Sigma Xi 
22; single. Desires work in any elec. field. Salary 


and location immaterial, Available at once 


D-1296. 


I.E.E. GRAD., 
Specialized illumination, 
house illumination course. 
of hard work, Excellent references, Desires 
any kind of work in elec. field. Location immate 
rial. Available immediately, D-1594, 


Pratt Institute, 1932, 20, single. 
Completed Westing- 
Capable and not afraid 


1932 GRAD. E.E., B.S., from So. Dakota Univ., 
22, single and in excellent physical condition 
Best of character standing and willing to work 
hard, starting at the bottom and working up. De 
sires any position that will pay living wage. Loca 
tion immaterial and available immediately. D 
1635-4393-Chicago. 


E.B,. GRAD., B.S. Carnegie Inst. of Tech. 1932 
A.B. in mathematics Oberlin College 1930. Age 24, 
single, member of Eta Kappa Nu. Location and 
salary immaterial, Want to gain experience. 
Available at once. D-1640. 


RECENT CORNELL GRAD., 23, single, hold 
ing B.S. in E.E. and M.S. deg.; desires connec- 
tion with opportunity for a future responsible 
technical position. Excellent scholastic and per- 


sonal records. A _ little factory experience. D 
1621. 
B.S. in E.B. 1931, Mich. Col. of Min. & Tech., 


single, 23, Tau Beta Pi. Desires work in. any 
engg field. Experience; 3 months’ swbd. wiring. 
1 month lighting design, 6 months’ surveying and 


map drawing. Speaks Finnish. Location in 
northern half of U.S. preferred. Available at once. 
D-1650. 

YOUNG ENGR, 23, single. Brooklyn Poly. 


Inst. evening student, 1927 to date. Five yr 
varied experience, steam and elec RR construction, 
secretarial. Well versed in mathematics. De- 
sires position in any engg field. Available im- 
mediately; location, New York City. C-8672. 


B.S. in E.E. 1927. Married, 28. Five yr ex 
perience in telephone work. Desire engg work of 
any nature or position in law department of mfg. 
concern. Available immediately. D-1673. 


E.E. -GRAD., M.I.T., S.B., 1931, S.M. 1982, 24, 
single. 16 months’ experience with Edison Elec 
tric Illuminating Co. of Boston as a cooperative 
student. Desires position in power transmission 
field, but is interested in any position with a reason 
able chance for advancement. Location immate- 
rial. References. D-1685. 


GRAD. E.E., 1929, single, 24. Fifteen months’ 
student engr on G. E, test. Some test, drafting 
and switchboard construction experience before 
graduation. Interested in position with concern 
doing consulting or construction work or with 
utility or mfr. Available at once. Location any- 
where in U.S., but New England preferred. C- 
8028. 


B.S. in E.E. 
Desires any position, 
years. D-1488. 


radio experience. 
Age, 22 


recent, 4 yr 
moderate salary. 


B.S. in E.E., 1932, single, 21. Gained experi- 
ence in elec. instrument plant during cooperative 
course. Desires any position for experience, 
Salary secondary. D-1578 


Maintenance and Operation 

PRACTICAL ELEC. CONST. AND MAINT. 
CHIEF, age 32, single, 14 yr experience in con- 
struction work, also maintenance and operation of 
mines and industrial plants. Last 4 yr in Latin 
America. Can speak Spanish and German well, 
Available immediately. Location, immaterial, C- 


2101 


ELEC. GRAD., 15 yr broad experience, factory 
testing, construction, substation operating and 
maintenance. Theoretical and practical. Desires 


position of responsibility. C-38. 


Research 

RESEARCH: testing and research engr: phys., 
tests of materials, metallography, X-ray and spec- 
troscopic structure analysis. Well versed in 
physics. Languages: English, German, French 
Location and salary of secondary importance to 
opportunities. C-60994. 
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M.S. in E.&., Johns Hopkins Univ., Univ. of Pa. 
fellowship holder, married, good health, analytical, 
28. Two yr , teaching experience, mathematics, 
physics, e.e., 2 yr practical, theoretical experience, 
long-distance “telephone transmission from New 
York to San Francisco, Desires teaching, per- 
sonnel, research along mathematical-physical lines, 
or invites correspondence. Excellent references. 
D-1609. 


W.,, 28, married, has 8'/2 yr experience in lab., 
testing and research work, desires position, prefer- 
ably with small concern anywhere in U.S. D-1657. 


RESEARCH AND DEVMT. ENGR, B.S. and 
M.S. in E.E. Two yr additional grad. work in 
physics. Single, 28. Five yr with Westinghouse. 
Experimental work dealt with arc rupture, con- 
trol apparatus, and the use of X-rays to study 
molecular structure. Location and salary secon- 
dary to position with opportunity for future. D- 
1381. 


HYDROLOGICAL & METEOROLOGICAL 
RESEARCH ENGR B.S., M.S. & E.E., 7 yr 
hydroelec. experience in large public utility engg 
dept., 3 yr studying climate cycles, ground waters 
and storage reservoirs, forecasting precipitation 
runoff and storage, testing flow lines, penstocks and 
turbines, making stream measurements and snow 
surveys. Location U.S. or foreign. C-6853. 


Memsborcherr: 


E.E. GRAD., Penn State, 1932, Honors, 22, 
single, Some experience in shortwave receivers. 
Desires research work in short-wave, ultra short- 
wave, photo electric cells, vacuum tubes, ete., 
also radio communication at sea. Either foreign 
or domestic field. Salary secondary. Available 
now. D-1513. 


Se.D. in E.E. M.1.T. ’32; 7 yr Univ. education; 
9 yr pract. exp., power, communication and busi- 
publications. 


ness engg; 2 yr testing course; A 
Extensive knowledge of languages; available. 
Location immaterial. D-747. 


Sales 


SALES ENGR, 30, single, E.E. grad. of a 
reputable one yr engg school. Five yr experi- 
ence selling industrial and central station instru- 
ments. Desires position as salesman with a high 
grade mfg. concern. No particular line desired. 


Will travel, location immaterial. C-1570. 
Testing , 
ELEC. INSPECTOR OR TEST MAN, 29, 


single, 8 yr experience with power and manu- 
facturing companies. Also experience with auto- 
matic telephone equipment and communication. 
Knowledge of theory as well as practise. Can 
furnish best of references. Location immaterial. 
Available at once. D-1618. 


Recommended 
for Transfer 


The board of examiners, at its meeting of Novem- 
ber 9, 1932, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed 
at once with the acting national secretary. 


To Grade of Fellow 

Lyon, Waldo V., prof, of elec. machinery, Mass. 
Inst. of Tech,, Cambridge, Mass. 

Merwin, Louis T vice-pres., and gen. megr., 
Northwestern Elec. Co., Portland, Ore. 

Sabbah, Hassan Camil Ali, elec. engr., Gen. 
Co., Schenectady, N. Y. 

Sheehan, John E., chief engr., Houston Lighting 
& Power Co., Houston, Texas, 


To Grade of Member 

Adler, Wm. M., asst. to distribution engr., Bronx 
Gas & Elec. Co., Bronx, N. Y. 

Beckman, Joseph S., engr. of plant extension, 
Bell Tel. Co. of Pa., Philadelphia, Pa. 

Bricker, L. B., division maintenance supervisor, 
Southwestern Bell Tel. Co., Houston, Texas. 

Bureau, E. A., prof. of elec. engg., Univ. of Ken- 
tucky, Lexington, Ky. 

Burrows, C. R., radio research engr., Bell Tel. 
Labs., Inc., Deal, N. J. 

Cannon, Robert S., pwr. plant foreman and elec. 
engr., Lago Petroleum Corp., Venezuela, S. A. 

Gould, Leroy B., inductive relations engr., New 
England Tel. & Tel. Co., Boston, Mass. 

Howarth, Oliver, technical engr. and meter supt., 
Lancashire Elec. Pwr. Co., Manchester, Eng 

Johnson, Royce K., director, elec. stds. lab. and 
instructor in elec. engg., Univ. of Wisconsin, 
Madison, Wis. 

Lidbury, Frank A., pres. and gen. mgr., Oldbury 
Electro-Chemical Co., Niagara Falls, N. Y. 

Mueller, Walter FE. patent solicitor, Denison & 
Thompson, Syracuse, N. 

Ortlieb, Otto P., engr. of street lighting, City of 
Trenton, Trenton, N. J. 
Pokorny, Jerome J., elec. engr., 
Ill. Co., Cleveland, Ohio. 


Elec. 


Cleveland Elec, 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admission 
as an Associate, If the applicant has applied for 
direct admission to a grade higher than Associate, 
the grade follows immediately after the name, 
Any member objecting to the election of any of 
these candidates should so inform the acting 
national secretary before Dec. 80, 19382. 
Adams, E. F., 8839 Monroe Ave., Elizabeth, 
Anderson, I. Jr., 108 Burncoat St., 

Mass. 
Barbee, G. C,, Southwestern Bell Tel. Co., St. 
Louis, Mo. 


Negi 
Worcester, 


Barnett, H. G., Ore. State Col. Corvallis, Oregon. 
Beale, F. S., 1802 Cleveland Blvd., Caldwell 
Idaho. 
Beard, W. G., Rippowam, Ridgefield, Conn. 
Beckert, J. E., 27 Clarendon Place, Buffalo, N. Y. 
Bell, J. S., Mass. Inst. of Tech., Cambridge, Mass. 
Brainard, W. E., 12222 Taft Ave., Cleveland, Ohio. 
Briansky, D., 6730 13th Ave., Brooklyn, N. Y. 
Brigham, E. R., 1503 Superior St., Toledo, Ohio. 
Brown, J. D., Hatfield Wire & Cable Co., Hillside, 
N 


oe 

Bruggink, C. P., 309 10th St., Hoboken, N. J. 

Burmiester, H., Safe Harbor Water Power Corp., 
Safe Harbor, Pa. 

Calkins, D. S., Henrietta, N. Y. 

Carlson, R. W., No. Dak. R. R. Commission, 
Bismarck, INE ED: 

Carson, H. E., New England Power Engg & Service 
Corp., Worcester, Mass. 

Colegrove, WEDS Remus, Mich. 

Collins, J. E., National District Telegraph Co., 
New York, N. Y. 

Crawford, E. J., Oyama, B. C., Canada. 


Deck, A., Gen. Elec. X-Ray Corp., Dallas, © 
Texas. 

DEVIRE: Es A., City & County of San Francisco, 

alif. 

Frey, G. O., Warner Bros. Theatres, Inc., New 
Work, Neeye : 

Gammons, J. M., Southwestern Bell Tel. Co., St. 
Louis, Mo. 

Gegelys, C., United Electric Lt. & Pwr. Co., New 


York, N ; 
Gerlach, W. G., Gen. Elec. Co., 
Gustafson, W. G., Bell Tel. Labs., 
AG 


Toledo, Ohio. 
Inc., New York, 


Hagood, G. B., Jr., Winnsboro, S. C. 

Hanson, J. W. (Member), Columbia Engg. & Mgt. 
Corp., Cincinnati, Ohio. 

Harvey, G. C., Gibbs & Hill, Inc., Rahway, N. J. 

Hatfield, L. N., KWSC, State Col. of Wash., 
Pullman, Wash. 

Haward, R., The Saskatchewan Pwr. Commission, 
Regina, Saskatchewan, Can. 

Hawley, E. F., Ormstown, P. Q., Canada. 

Heidenreich, E. C., Dental & Medical Elec. Equip- 
ment, Buffalo, N. Y. 

Hope, H. W., 338 Harvard St., Cambridge, Mass. 

Howell, W. J., Westinghouse ‘Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Hudgins, W. D., 1422 Arch St., Berkeley, Calif. 

Hutchinson, M. c , 316 West 14th St., New York, 


Johnson, H. W., 31 Washington St., East Orange, 


Johnson, V. T., 3610 Bellevue Ave., Los Angeles, 


Calif. 

Jnsetercre, N. T., Otis Elevator Co., Yonkers, 

Kahlbaum, M. E., Kahlbaum Brothers, Carleton, 
Mich. 

Kastens, R. H. C., 105 Hauxhurst Ave., Weehaw- 
ken, N. J. 


Kelsay, W. D., 401 Martinique St., Dallas, Texas. 
Kowalewski, H. M., B. F. Sturtevant Cor ‘Boston, 
Mass. 
Kuhlman, P. W., 509 Smith Ave., Detroit, Mich. 
Laine, M. W., 546—40th St., Brooklyn, INieaYec 
Libby, C. Gn University of Cincinnati, Cinc.. 
io 


ELECTRICAL ENGINEERING 


Lindsay, V. H., B. F. Sturtevant Co., Hyde Park, 


Mass. 
Lindsley, R. P. Jr., So. Methodist Univ., Dallas, 
. Texas. 
Lockie, A. McL., Rensselaer Polytechnic Inst., 
EDLOW, INI2 Va, 
aoe A. F., Michigan Alkali Co., Wyandotte, 
ich, 


Malone, C., Jr., Monongahela West Penn Public 
Service Co., Fairmont, W. Va. 

Martinson, E. O., Box 5, Harrah, Wash. 

McCracken, G. I., 1525 Termon Ave., N. S., Pitts- 
burgh, Pa. 

McFarlin, V. S., 922 Beacon St., Boston, Mass. 

McNarney, H. J., 158 West Maple St., Wabash, 
Indiana. 

Miller, H. W. R., New York Tel. Co., New York, 
IN, 


Miller, W. H., 1956 North High St., Columbus, O. 

Mitchell, F. H., Mitchell Radioservice Co., Mobile, 
Ala. 

Morgan, J. M., 737 Ridgway Ave., Morgantown, 


Be Week 
Morton, P. L., Firland, Richmond Highlands, 


Mowat, De Saskatchewan Power Commission, 
Regina, Saskatchewan, Can. 

Munroe, J. P., 120 Hobart St., Ridgefield Park. 
N 


Beis 
Osgood, V. L. (Member), Hardwick-Hindle, Inc., 
Newark, N. J. 
Parsons, C. B., 1261 Atlantic St., Portland, Oregon. 
Pashek, R. J., 1969—25th St., Detroit, Michigan 
Rahlke, H. W., P. O. Box 199, Salem, Ohio. 
Ranson, L. R., Gen. Elec. Co., Schenectady, N. Y. 
Reizenstein, M., Jr., 2134 Brookfield Ave., Balti- 
more, ‘ 
Riedy, K. F. R., Route No. 4, Allentown, Pa. 
Roberts, F. F., R. F. D. No. 2, Parma, Idaho. 
Rogers, A. G., Clio, Mich. 
Roswell, E. R., P. O. Box 203, Devon, Conn. 
Scrutchin, C. G., 227 Hancock St., Decatur, Ga. 
Sechler, F. E., Great Western Sugar Co., Ovid, 
Colo. 


Senn, J. W., Southern Bell Tel. & Tel. Co., Louis- 
ville, Ky. 

Stanton, S. W., United Electric Lt. & Pwr. Co., 
New York, N. Y. 

Sterling, O. R., Hop Bottom, Pa. 

Stewart, H. M., Humble Oil & Refining Co., Bay- 
town, Texas. 

Stieg, H. R., 157 Monroe St., Hartford, Conn. 

Tankovich, J. G., 497 East 11th Ave., Columbus, 
Ohio. 

Thomas, R. G., Carolina Pwr. & Lt. Co., Raleigh, 
N.C 


Walsh, W. C., Rt. No. 2, Box 379, Gilroy, Calif. 

Wanner, L. R., Phila. Elec. Co., Philadelphia, Pa. 

Wiedenheft, A. H., Good Thunder, Minn. 

Willson, W. H., Jr., Randall, Iowa. 

Wells, M. F., 261 Hartford Ave., Wethersfield, 
Conn. 

West, C. V., 2001 Barton Ave., Richmond, Va. 

Weston, F. B., Sage Allen & Co., Inc., Hartford, 
Conn. 

Womack, S. H. J., Bureau of Standards, Washing- 
ton. Ce 

Woodruff, R. T., 232 E. Broadway, Girard, Ohio. 

Woodward, M. W., Cheyenne Wells, Colorado 

Young, C. E., Johns Hopkins Univ., Baltimore, Md. 

Zeitz, A., 264 Berriman St., Brooklyn, N. Y. 

95 Domestic 


Foreign 


Lautier, V., 37 Sda. San Paolo, Cospicua, Malta. 

Lindorf, L. S., Bol. Kommunisticheskaia 7 Kv. 1 
Moscow 4, U.S.S.R. 

Lloyd, H. S., Metropolitan-Vickers Elec. Co. Ltd., 
Traford Park, Manchester, England. 

Sarda, P. M., Ratan Pole, Nagori Pole, Ahmedabad, 
India. 

Singh, H., Simla Municipal Committee, Idgah, 
Simla, India. 

Swami, T. V., Elec. Dept., Cocanada, India. 

Tharani, J. J., Elec. Pwr. House, Veraval, Kathia- 
war, Manavadar, India. 

7 Foreign 


femjincariunc Literature 


————_. 


Unless otherwise specified, books in this 
list have been presented by the publishers. 
The society does not assume responsibility 
for any statement made; these are taken 
from the preface or the text of the book. 

All books listed may be consulted in the 
Engineering Societies Library. 


BERECHNUNG von GLEICHSTROM-KRAF- 
TUBERTRAGUNGEN. By O. Burger. Berlin, 
Julius Springer, 1932. 82 p., illus., 9x6 in., paper, 
6.40 rm.—A practical discussion of the calculation 
of long-distance a-c transmission lines, in which 
attention is paid to economic and electrical factors. 
Various methods of transmission are compared. 


COMPANY PLANS FOR UNEMPLOYMENT 
RESERVES. Washington, D. C., Chamber of 
Commerce of the U.S., Dept. of Manufacture, 
1932. 42 p., tables, 9x6 in., paper, gratis.—To 
assist employers who desire to devise means for 
protecting their staffs from unemployment.  Pur- 
pose and advantages of company reserve plans, 
coverage and experience of existing plans, pro- 
cedures for establishing plans, and development of 
uniform plans by industries or communities, are 
discussed. 


ELECTRIC AND MAGNETIC FIELDS. By 
S. S. Attwood. N. Y., John Wiley & Sons, 1932. 
314 p., illus., 9x6 in., cloth, $3.50.—Represents 
a course given to students of E.E. at the Univ. 
of Mich., to coordinate the under-class work in 
mathematics, mechanics and physics with pro- 
fessional work of the last 2 years. The book is 
in 4 parts: electric field; magnetic field; ferro- 
magnetic field; and combined electric and magnetic 
fields. 


ELECTRONS AND WAVES. By H. 5. Allen. 
Lond. & N. Y., Macmillan Co., 1932. 3386 p., 
illus., 8x5 in., cloth, $2.50. Consists of lectures 
dealing with recent progress in our. knowledge of 
the constitution of matter and the nature of 
radiation. Intended for readers who have not 
specialized in physics, but who wish something 
more than an entirely elementary account of the 
subject. Such topics as relativity, the quantum 
theory, radioactivity and wave mechanics are 
presented in this concise outline. 


ELEKTRISCHE GASENTLADUNGEN. Bad. 
1. By A. v. Engel and M. Steenbeck. Berlin, 
J. Springer, 1932. 248 p., illus., 10x6 in., cloth, 
25.50 rm.—This treatise, which will comprise 2 
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volumes, aims to provide a systematic, compre- 
hensive discussion of the discharge of electricity 
through gases, in which the needs of the experi- 
menting physicist and the research engineer will 
be given consideration above those of the student 
of atomic physics. This volume develops the 
basic laws of discharges in gases from simple 
concepts, without using difficult mathematical 
processes and compares them with experimental 
results. 


HANDBOOK of CHEMISTRY and PHYSICS. 
Edit. by C. D. Hodgman. 17 ed. Cleveland, 
Ohio, Chemical Rubber Pub. Co., 1932. 1,722 
p., tables, 7x5 in., leather, $6.00.—This edition 
has undergone an extensive revision which has 
resulted in an addition of 150 pages of new matter. 
1,000 new compounds have been added to the 
table of physical constants of organic compounds, 
which now includes over 4,000 substances, and 
the former data carefully corrected. The mathe- 
matical section has been enlarged by adding several 
useful tables; new tables have been added to all 
divisions of the book. 


HANDBOOK of INDUSTRIAL TEMPERA- 
TURE and HUMIDITY MEASUREMENT and 
CONTROL. (Manual of Instrumentation.) Parts 
2 and 3.—By M. F. Béhar. Ed. 1. Pittsburgh, 
Instruments Pub. Co., 1932. 309 p., illus., 10x6 
in., cloth, $4.00.—Having presented the funda- 
mentals of industrial instrumentation in his first 
volume, Mr. Béhar now takes up 2 subjects, the 
measurement and control of temperature and of 
humidity. Detailed information is presented upon 
thermometers, pyrometers, heat recorders and 
controllers, and instruments for measuring and 
controlling humidity. Detailed descriptions of 
the principal instruments on the market, and 
general principles underlying them are presented. 


Die KUNSTLICHEN KOHLEN fiir elektrische 
Ofen, Elektrolyse und Elektrotechnik. By K. 
Arndt. 2 Auflage. Berlin, J. Springer, 
336 p., illus., 9x6 in., leather, 38 rm.—A compre- 
hensive account of the carbon electrode industry. 
After a short historical introduction, raw materials 
are considered, their mixing, ignition and prepa- 
ration described. Chapters then follow upon 
chemical, physical, and microscopic testing and 
upon the use of carbon electrodes in furnaces and 
baths. Carbons for arc lamps, brushes, batteries, 
microphones, and other purposes are discussed. 
The book is a rewritten edition of Zellner’s work 
on this subject. 


REFRIGERATION, including Air Conditioning 


and Cooling and Household Automatic Refrigerat- 
ing Machines. By J. A. Moyer and R. U. Fittz. 2 


ed. New York and London, McGraw-Hill, 1932. 
538 p., illus., 9x6 in., $5.00. Intended both as a 
textbook and reference work as a useful outline of 
current conditions and practise. The theory of re- 
frigeration and the methods in use are described and 
explained. New features of improved designs of 
household and small commercial refrigerators, silica- 
gel systems, revised data on refrigerants, production 
of dry ice, applications of quick freezing, and air 
conditioning, are described. 


REWINDING SMALL MOTORS. By D. H 
Braymer and A. C. Roe. 2ed. New York & London, 
McGraw-Hill, 1932. 263 p., illus., 9x6 in., cloth, 
$2.50. Intended as a guide to repairmen called upon 
to rewind portable drills, motors for automobile 
starters, sewing machines, vacuum cleaners, fans 
and other small machinery. A chapter on single- 
phase motors of the condenser type has been added. 
The directions are full and detailed and sufficient for 
all needs of experienced winders. 


STEAM POWER PLANT ENGINEERING. 
By L. A. Harding. New York, John Wiley & Sons, 
1932. 777 p., illus., 9x7 in., cloth, $10.00. To outline 
briefly in an elementary manner the major problems 
in the design of steam generators, engines, turbines 
and accessories, to show their interrelations in power 
plant engineering, and to discuss the economic fac- 
tors involved in their selection. A large amount of 
practical data not readily accessible elsewhere is as- 
sembled in convenient form, making it useful for 
reference as well as for study. 


TABLES OF CUBIC CRYSTAL STRUCTURE 
OF ELEMENTS AND COMPOUNDS. By I. E. 
Knaggs, B. Karlik and C. F. Elam. London, Adam 
Hilger, Ltd., 1932. 90 p., tables, 10x6 in., cloth, 11s. 
6d. A useful reference book for chemists and metal- 
lurgists who use X-ray methods for the analysis of 
powders and crystals. One section upon inorganic 
and organic substances; and another upon alloys. 
Each section gives table listing the substances: al- 
phabetically, and systematically by the side length 
of the unit cube cell. The bibliographies contain 
over 900 references. Anattempt to tabulate all data 
scattered through periodicals up to August 1931. 


THERMODYNAMICS. By J. E. Emswiler. 
New York & London, McGraw Hill, 1932. 347 p., 
9x6 in., cloth, $3.00. The special feature of this 
textbook is a progression from the topics most 
familiar to the student to those with which he is in- 
experienced. Study of the steam engine comes first, 
followed by vapor refrigeration, permanent gas mix- 
tures and air heat engines; finally the laws of ther- 
modynamics and the kinetic theory of heat. Earlier 
edition partly rewritten and new matter added. 


URBAN LAND USES, Amounts of Land Used 
and Needed for Various Purposes by Typical Ameri- 
can Cities, an Aid to Scientific Zoning Practice. 
(Harvard City Planning Studies, v. 4.) By H. 
Bartholomew. Cambridge, Harvard Univ. Press, 
1932. 174 p., 10x7 in., cloth, $3.50. The results of 
an investigation undertaken to determine the re- 
quirements of the American city as to the land areas 
used for various purposes, the ratios of these areas. 
to a given population unit, and analogous statistical 
information of aid in scientific zoning. These data 
provide a method for estimating the total area re- 
quired for each particular urban use for any given 
future population of between 5,000 and 300,000 
inhabitants. 


WORLD SOCIAL ECONOMIC PLANNING, 
the Necessity for Planned Adjustment of Productive 
Capacity and Standards of Living. 2 v. The Hague, 
Holland, Intl. Industrial Relations Inst., also Room 
600, 130 East 22nd St., New York, 1932. 935 p., 
10x6 in., cloth, $2.50. Containing papers and dis- 
cussions presented at the Congress in Amsterdam in 
1931, when the necessity for planned adjustment of 
productive capacity and standards of living was dis- 
cussed by a group of economists and sociologists of 
many countries. 


Engineering Societies Library 
29 West 39th Street, New York, N.Y. 


Mania as a public reference library 
of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books js 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 


lacus Notes 


General Electric to Exhibit at Chicago 
Fair.—The ‘‘House of Magic,” a spectacular 
section of the G-E research laboratories, will 
be moved to Chicago for the 1933 World’s 
Fair as the outstanding feature of the 
General Electric Company’s exhibit. The 
exhibit will occupy 9,000 sq ft of space in 
the circular hall of the Electrical Building 
and will represent an investment of five 
hundred thousand dollars. 


Roller-Smith Appointments.—Mark G. 
Mueller, 1700-16th St., Denver, has been 
appointed by The Roller-Smith Co., New 
York, as district sales agent for the states of 
Colorado, New Mexico, and the western part 
of Kansas. Burkholder and Kelley, 105 
Cortleigh Boulevard, Toronto, have been 
appointed representatives for the Dominion 
of Canada. 


Rockbestos Moves Chicago Office.— 
The Rockbestos Products Corp., New 
Haven, Conn., manufacturers of asbestos 
insulated wires and cables and flexible 
cords, announces a change in the location of 
its Chicago office and warehouse from the 
Madison Terminal Building to the Mar- 
quette Building, 140 So. Dearborn St., 
Chicago, Ill. 


L. M. Christie Promoted by National 
Fireproofing Corporation.—L. M. Christie 
has been elected vice-president of the 
National Fireproofing Corporation, Pitts- 
burgh, with which he has been connected 
since 1902. He will continue in charge of 
the sales engineering end of the conduit 
division. Mr. Christie has been identified 
with the clay conduit branch of the electrical 
industry almost from its inception, coming 
to the states from Windsor, Canada, in 1900 
to enter the employ of John T. McRoy. 
The latter was an inventor and a pioneer 
manufacturer of the present type of multiple 
duct clay conduit for housing telephone, 
telegraph, and electric power cable lines. 


Calculating Board in Regular Use by 
Utility Studies of power flow, regulation, 
losses, power factor and system stability are 
made quickly and easily on the alternating- 
current calculating board recently installed 
in the engineering department of the 
Commonwealth Edison Company, Chicago. 
Built by the Westinghouse Electric & 
Manufacturing Company, it is said to be 
the first alternating-current calculating 
board to be placed in regular use by an 
operating utility. It operates on a fre- 
quency of 440 cycles. On it can be re- 
produced in terms of circuit constants the 
whole or any part of the Commonwealth 
Edison a-c system. 


General Electric Receives Largest Mer- 
cury Shipment—What is probably the 
largest single shipment of mercury ever 
made arrived in New York recently for the 
General Electric Company, to be used in 
generating power in the new 20,000-kilowatt 
mercury turbine just installed at the Kearny 
station of the Public Service Corporation of 
New Jersey. The shipment consisted of 


898 


270,000 pounds, and was delivered in 3553 
iron flasks, each flask containing 76 pounds. 
The value of the mercury in the whole order 
is about $356,000, as this shipment repre- 
sents only half of the company’s needs. 
The remaining 270,000 pounds will be 
delivered later and will be used for gener- 
ating power in the new mercury turbine 
plant being built in Schenectady. The 
total order represents about 89 per cent of 
the mercury consumed by the United 
States in an average year. 


Bristol Opens British Factory.—The 
Bristol Co., Waterbury, Conn., announces 
the establishment of a British factory at 
London under the name of Bristol’s Instru- 
ment Co., Ltd. Since 1889 the Bristol 
Company has had a very substantial trade 
with Great Britain in its line of recording 
instruments, its selling activities in that 
country being handled by J. W. & C. J. 
Phillips, Ltd., as sales agent. Although the 
general expansion program of the company 
contemplated the founding of a British 
plant at some future time, the altered 
economic and business situation within 
Great Britain made an earlier establishment 
for manufacturing in that country seem 
advisable. Howard H. Bristol, president of 
The Bristol Company, recently made a 
special trip to London to investigate the 
situation, and during his visit laid the plans 
and arranged for the formation of the 
British company. The new plant, located 
at 144 Pomeroy St., New Cross, London, 
consists of an office building and a two-story 
factory building of modern construction, 
and is prepared to manufacture and service 
the complete line of the company’s indi- 
cating, recording and controlling instru- 
ments. 


A New Testing Device.—Ferranti, Inc., 
New York, has introduced a complete 
testing kit comprised of the dual range clip- 
on ammeter, which met with widespread 
acceptance a few months ago, and a three 
range portable voltmeter. The clip-on 
ammeter has two scales, 0/100 and 0/500 
amperes, and reads accurately currents 
ranging from 10 to 500 amperes without the 
necessity of breaking the circuit or the use of 
split-core current transformers. The in- 
strument is simply clipped over the con- 
ductor and the current is read off directly. 
It can be operated with one hand, and is 
suitable for use either on the ground or up 
a pole. The second instrument in the set, 
the triple range portable voltmeter, has full 
scales of 150, 300, and 600 volts which take 
care of the standard distribution voltages of 
110, 220, 440, and 550. This meter, al- 
though of the moving iron type, has a 
comparatively high resistance, making its 
readings extremely accurate. It is suitable 
for use on either direct or alternating 
current and is independent of frequency 
between 25 and 100 cycles. 

The two instruments in this set are 
accurate and convenient, and although of a 
precision nature, they are robust in con- 
struction. They are supplied in a solid 


leather case equipped with lock and key, 
in addition to hand and shoulder carrying 
straps. The set is particularly adapted for 
determining the actual voltage and loading 
on transformers, motors, etc., for balancing 
secondary transformer loads on three-wire 
services, or for checking power consumers’ 
loads and voltages. It may also be used 
to check single or three-phase kva. 


Wade lgiecatare 


Arc Welders.—Bulletin HW-2, 20 pp. 
Describes the improved line of P & H 
Hansen arc welders, designed by K. L. 
Hansen. Harnischfeger Corp., Milwaukee. 


Condensers.—Catalog, 16 pp. Included 
in this complete line are a series of oil 
impregnated, oil filled paper condensers 
especially adapted for use with capacitor 
motors, power factor correction and other 
industrial applications. Electrolytic, paper 
and mica condensers are also described. 
Dubilier Condenser Corp., 4377 Bronx 
Blvd., New York. 


Wire Rope Slings.—Catalog, 86 pp. In- 
cludes the latest available information on 
various types of slings now being used in 
shop and field for the handling of all kinds 
of loads. Numerous illustrations show the 
application of these slings in handling heavy 
apparatus and castings. John A. Roeb- 
ling’s Sons Co., Trenton, N. J. 


Square Case Instruments.—Bulletin L 
20545, 8 pp. Describes a new line of 
switchboard square-case instruments, in- 
cluding ammeters, milliameters, voltmeters, 
milli-voltmeters, single and polyphase power 
factor meters, frequency meters, and 
synchroscopes. Both a-c and d-c instru- 
ments are intended for service on large 
switchboards of steel, ebony asbestos, or 
slate. Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 


Zinc for Die Castings.—Bulletin 20 pp. 
Illustrates a multiplicity of uses for zinc 
die castings. Charts and table on the effect 
of aging treatments on tensile strength, 
impact strength, and dimensions of the 
“Zamak”’ alloys are published for the first 
time. Heat treatment for stabilizing the 
dimensions and properties of a zine die 
casting alloy is also discussed. New Jersey 
Zine Co., 160 Front St., New York. 


Metal-Clad Switchgear.—Bulletin GEA 
1661, 12 pp. Describes type MI-6, latest 
G-E metal-clad switchgear, for a wide range 
of applications—central station main and 
auxiliary circuits, industrial plants, ete. 
The principal improvement of many, in this 
apparatus, is the use of oil-blast circuit 
breakers having interrupting ratings from 
50,000 to 500,000 kva, 15,000 volts and up 
to 2,000 amperes. Each unit consists of a 
complete self-contained switching equip- 
ment with a stationary and removable 
element. General Electric Co., Schenec- 
tady, N. Y. 
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—Use AmerTran Type TS-10A for 
all Dielectric Tests on Heavy Indus- 


trial Apparatus 


The testing set illustrated above was developed 
by AmerTran engineers to provide universal 
equipment for all manner of dielectric tests on 
large apparatus. Built in sizes from 5 to 20 kva.. 
for potentials up to 100 kvy., and providing six 
different voltages at full output, it combines 
the advantages of six complete testing sets. It 
is equipped with circuit breakers, induction 
regulator, primary ammeter, and secondary 


voltmeters. 


If you are interested in complete information 
on this set and other apparatus for heavy duty 
testing. send for bulletin No. 1132. Testing 
transformers and test sets of every description 
are fully covered. 


AMERICAN TRANSFORMER COMPANY 


Transformer builders for over 31 years 


180 EMMET ST. NEWARK, N. J. 


& AMERTRAN 
WY TRANSFORMERS 


iy 


POCKET TYPE in use on 12,000 volt 
Underground Cable. 


The Minerallac Statiscope 


Write for full information 


MINERALLAC ELECTRIC COMPANY 
25 North Peoria St. Chicago, Il. 


Measure Dielectric Loss 
in Oils, Paper, Etc. 


Knowledge of the dielectric constant and phase 
angle of transformer oil, glycerine, and other 
dielectrics gives an important clue to the ability 
of the material to stand up under prolonged 
exposure to high-voltage stresses. 


A number of important laboratories are making 
such measurements with apparatus designed and 
manufactured by the General Radio Company. 
With our Type 216 Capacity Bridge and asso- 
ciated equipment, frequencies as high as 10,000 
cycles per second may be used for phase angle 
and dielectric-constant measurements. 


Further details about measurements of this class 
and about the equipment required to make them 
will be supplied on request. Ask for them. 


Type 216 Capacity Bridge: $175.00 


GENERAL RADIO CO. 


CAMBRIDGE, MASSACHUSETTS 
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THE FAR EAST, 
LIGHTNING TERRITORY, 
JUNE, 1932. 
Messrs. Ferranti Ltd., 
Transformer Department, 
Hollinwood, 
ENGLAND. 


Dear Sirs, 


Ferranti Surge Absorbers. 
I have to inform you that the "pellet 


type" arresters that were previously fitted on 
these lines were taken away in January of this year. 

We have now passed through the heavy 
storm period and so far have had no interruptions, 
due to lightning surges, on the lines fitted with 
your absorbers, and I am now relying entirely upon 
these surge absorbers without any other form of 
protection, as I am satisfied that they give ample 
protection to our lines. 


Yours faithfully, ° 


Municipal Electrical Engineer 
and Tramways Manager. 


FERRANTI SURGE ABSORBER 
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Setting Wood Poles in Swamps 
Typical Pole Mount Construction—No. 15 


LATOX 94 


LEAD COVERED 
SUPERVISORY CONTROL 


CABLES 


A lead sheathed control cable 
with nineteen #16 A.W.G. solid 
conductors, each rubber insu- 
lated to .156” diameter and 
braided, is about 62/64” outside 
diameter. 


Poles were to be set in a bog nearly 15 ft. deep to hardpan—where 
water rises several feet during Spring floods—requiring about 85 ft. 
poles, well guyed, if set in ground. Instead, by using a cofferdam, 
concrete pier was constructed on a concrete mat resting on hardpan, 
with anchor-bolts set, for Pole Mounts holding 60 ft. poles. 


Varying this method, group of piles may be driven with heads en- 
cased below low water in concrete, in which anchor-bolts for Pole 
Mount construction are set. Investigate 


Other M.I.F. Pole Hardware Specialties providing superior economical 
construction are: Metal Crossarm Gains, particularly for full-treated 
poles, Suspension Clamps for aerial cables, Insulated Hangers for 
weatherproof conductors, etc., Guy Hooks for through-bolt guying 
with accessory devices, Tubular Pole Reinforcing Clamps with ac- 
cessory Gains, etc. 


For the same service a_ lead 
sheathed cable with LATOX 
insulated conductors .081” di- 
ameter, is only 37/64” outside 
diameter. 


LATOX Cables increase duct capacity. 


SIMPLEX WIRE & CABLE © 


79 SIDNEY ST., CAMBRIDGE A, BOSTON, MASS. 


Send for Catalog—Pole Hardware Specialties 


MALLEABLE IRON FITTINGS COMPANY CHICAGO NEW YORK CLEVELAND 

Pole Hardware Dept. [ prefies’ust Uince || Branford, Connecticut PHILADELPHIA DETROIT SAN FRANCISCO 
New York Sales Officer Thirty Church Street ST. AUGUSTINE 

<i> Canadian Mig. Distributor: <i> 


LINE & CABLE ACCESSORIES, Ltd., Toronto 


AMERIC 


COMPANY 


Subsidiary of United States Steel Corporation 


CLASSIFIED 
ADVERTISEMENTS 


RATES: Fifty cents per line; minimum charge 
based on use of five lines; maximum space cannot 
exceed twenty lines. Copy is due the 15th of the 
month preceding publication date. 


BRITISH ELECTRICAL MACHINERY MANU- 
FACTURING FIRM invite proposals for new articles 
suitable for production in their works, which are equipped 
for manufacturing electrical machinery of all kinds. State 
complete particulars and terms. References must be given. 
Reply in strictest confidence to ELB 4319, Rudolf Mosse 
Ltd. 125, Strand, London, W. C. 2. 


ELECTRICAL ENGINEER offers part or whole time 
services to firm or corporation undertaking domestic or 


foreign industrial electrification, generation, appraisals or 
FABRICATED STEEL STRUCTURES investigation, in capacity of consultant, designer or purchas- 


ing. Address Box 158, ExmcrricaL ENGINEERING, 33 


TRANSMISSION TOWERS West 39th St., New York. 


POWER HOUSES — SUB-STATIONS 


990,000 Volt Line, New England Power Co. 


PATENT ATTORNEY—ENGINEER in charge of 
patent department of Eastern manufacturer, offers part-- 
time services to firm or corporation. Address Patent 
Attorney, Box 155, EtmcrricaL ENGINEERING, 33 West 
39th Street, New York. 


Le 


General Office: Pittsburgh, Pa. — Offices In The Larger Cities . 


PACIFIC COAST DISTRIBUTOR: EXPORT DISTRIBUTOR: * | 
COLUMBIA STEEL CO., SAN FRANCISCO U.-S. STEEL PRODUCTS CO., NEW YORK 
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For Consultants in Engineering and Allied Sciences 


BLACK & VEATCH 


Consulting Engineers 


Water, Steam and Electric Power Investiga- 
tions, Design, Supervision of Construction, 
Valuation and Tests 


Mutual Building KANSAS CITY, MO. 


BYLLESBY ENGINEERING AND 
MANAGEMENT CORPORATION 
foe ger Gre Subsidiary a) 
Standard Gas and Electric Company 
231 South LaSalle Street 
CHICAGO 


New York Pittsburgh San Francisco 


EDWARD E. CLEMENT 
Fellow A.I.E.E. 
Attorney and Expert 
in Patent Causes 


Soliciting, Consultation, Reports, 
Opinions 


McLachlen Bldg. Washington, D. C. 
700 10th St., N. W. 


H. D. CRANSTON -E.E., M.E., 
Member A.I.E.E. 


Consulting Engineer 
Investigations — Reports — Appraisals 
MANILA, Philippine Islands 
In the Heart of the Orient—One Week From 


TOKYO — SHANGHAI — HONGKONG 
SINGAPORE — BATAVIA 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers: 


221 No. LaSalle Street CHICAGO 


FREYN ENGINEERING 
COMPANY 
Industrial Electric Power 
Generation—Application—Purchase 


Combustion Engineering 
Electric Furnace Installations 
310 South Michigan Ave. CHICAGO 


JACKSON & MORELAND 


ENGINEERS 


BOSTON — NEW YORK 


W. S. LEE ENGINEERING 
CORPORATION 


Specialists in the Design, Construction and 
Operation of Hydro-Electric Stations, 
large Central Steam Stations, 
and Transmission Lines 


535 Fifth Avenue 
NEW YORK 


Power Building 
CHARLOTTE, N. C. 


To appear in the following 
issue, cards must be re- 
ceived not later than the 
15th day of the month. 


NEILER, RICH & CO. 


Electrical and Mechanical 
Engineers 


Consulting, Designing and 
Supervising 


431 So. Dearborn St. — — — Chicago 


FARLEY OSGOOD 


Consultant 


Appraisals, Financing, Management 
UTILITIES and INDUSTRIALS 
31 NASSAU STREET NEW YORK 


SANDERSON & PORTER 


ENGINEERS 
for the 


FINANCING— REORGANIZATION— 
DESIGN—CONSTRUCTION 


of 
INDUSTRIALS and PUBLIC UTILITIES. 


Chicago New York San Francisco 


SARGENT & LUNDY 


Incorporated 
ENGINEERS 


20 NORTH WACKER DRIVE 
CHICAGO, ILLINOIS 


THE J. G. WHITE 


ENGINEERING CORPORATION 
Engineers—Constructors 


Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 
Transmission Systems, Hotels, Apartments, 
Offices and Industrial Buildings, Railroads 


43 EXCHANGE PLACE NEW YORE 


J. G. WRAY & CO. 


Engineers 


Utilities and Industrial Properties 


Appraisals Construction Rate Surveys 
ans Organizations Estimates 
Financial Investigations Management 


2626 Bankers Bldg., Chicago 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


American Society of Civil Engineers 
American Society of Mechanical Engineers 


31 West 39th Street, New York City 
Chicago Office: 205 W. Wacker Drive 


UNDER THE AUSPICES OF 


San Francisco Office: 57 Post Street 


American Institute of Mining and Metallurgical Engineers 


American Institute of Electrical Engineers 


You are invited to use this service, representing over fifty thousand members, to supply 
your needs for all classes of engineers, executives and assistants. 


Kindly be specific regarding requirements, salary, location, nature of work, etc. 
Employers wishing to withhold their identity will be sent records of candidates meeting 
requirements specified, otherwise, qualified applicants will be sent in person. 
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AIR COMPRESSORS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 
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Electric Specialty Co., Stamford, Conn. 
General Electric Co., Schenectady 
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Bull Dog Electric Products Co., Detroit 
General Electric Co., Schenectady 
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G & W Elec. Specialty Co., Chicago 


BUS BAR FITTINGS 
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Ohio Brass Co., Mansfield, O. 
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Ohio Brass Co., Mansfield, O. 


CABLE ACCESSORIES 


G & W Electric Specialty Co., Chicago 
General Electric Co., Schenectady 
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CABLES 
(See WIRES AND CABLES) 


CABLEWAYS 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


CIRCUIT BREAKERS 
Air-Enclosed 
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Roller-Smith Co., New York 
Western Electric Co., All Principal Cities 
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General Electric Co., Schenectady 
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Western Electric Co., All Principal Cities 
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G & W Electric Specialty Co., Chicago 
Western Electric Co., All Principal Cities 
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CONVERTERS—SYNCHRONOUS 


Allis-Chalmers Mfg. Co., Milwaukee 
Electric Specialty Co., Stamford, Conn. 
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Bull Dog Electric Products Co., Detroit 
General Electric Co., Schenectady 
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ENGINEERS, CONSULTING AND CON- 
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American Bridge Co., Pittsburgh 
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GENERATORS AND MOTORS 


Allis-Chalmers Mfg. Co., Milwaukee 
Electric Specialty Co., Stamford, Conn. 
General Electric Co., Schenectady 


GENERATING STATION EQUIPMENT 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 


HARDWARE, POLE LINE AND INSULATOR 


General Electric Co., Bridgeport, Conn. 
Ohio Brass Co., Mansfield, O. 


HEADLIGHTS 
Ohio Brass Co., Mansfield, O. 


HEATERS, INDUSTRIAL 
General Electric Co., Schenectady 


INDICATORS, SPEED 
Roller-Smith Co., New York 


INSTRUMENTS, ELECTRICAL 


Graphic 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Roller-Smith Co., New York 


WO 


or 


ar 


6 Please mention ELECTRICAL ENGINEERING when writing to advertisers 


INSTRUMENTS, ELECTRICAL—Continued 
Indicating 


Ferranti, Ltd., Hollinwood, England 

Ferranti, Inc., New York 

Ferranti Electric, Ltd., Toronto, Ont. 

General Electric Co., Schenectady 

Roller-Smith Co., New York 
Integrating 


Ferranti, Ltd., Hollinwood, England 

Ferranti, Inc., New York 

Ferranti Electric, Ltd., Toronto, Ont. 

General Electric Co., Schenectady 

Radio 
General Radio Co., Cambridge, Mass. 
Roller-Smith Co., New York 
Repairing and Testing 

Roller-Smith Co., New York 

Scientific, Laboratory, Testing 


General Electric Co., Schenectady 
Roller-Smith Co., New York 
Western Electric Co., All Principal Cities 


INSULATING MATERIALS 


Board 
General Electric Co., Bridgeport, Conn. 


Cloth 
General Electric Co., Bridgeport, Conn. 
Minerallac Electric Co., Chicago 
Composition 
General Electric Co., Bridgeport, Conn. 


Compounds 
General Electric Co., Bridgeport, Conn. 
Minerallac Electric Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 
Fibre 


General Electric Co., Bridgeport, Conn. 
Paper 

General Electric Co., Bridgeport, Conn. 
Silk 

General Electric Co., Bridgeport, Conn. 
Tape 

General Electric Co., Bridgeport, Conn. 

Minerallac Electric Co., Chicago 

Okonite Company, The, Passaic, N. J. 

Roebling’s Sons Co., John A., Trenton, N. J. 

Western Electric Co., All Principal Cities 

Varnishes 


General Electric Co., Bridgeport, Conn. 
Minerallac Electric Co., Chicago 


INSULATORS, HIGH TENSION 
Composition 
General Electric Co., Schenectady 
Porcelain 
General Electric Co., Schenectady 
Locke Insulator Corp., Baltimore 
Ohio Brass Co.. Mansfield, O. 
Post Type 
Ohio Brass Co., Mansfield, O. 


INSULATORS, TELEPHONE & TELEGRAPH 
Ohio Brass Co., Mansfield, O. 


INSULATOR PINS 
Ohio Brass Co., Mansfield, O. 


LIGHTNING ARRESTERS 


General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 


LOCOMOTIVES, ELECTRIC 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 


MAGNETIC SEPARATORS 
Electric Controller & Mfg. Co., Cleveland 


Morganite 
= j Brush Co., Inc. 
3302-3320 Anable Ave., 

Long Island City, 


N. Y. 


DECEMBER 1932 


| 
Sa 


out of 


Up-to-date apartment house owners are showing the way out. They are using a new Western 


Electric product —the Radio Frequency Distribution System. As a result tenants are getting 
improved reception and a new kind of service. @@, With this apparatus, every set owner e.. has his 
own lead-in to one central antenna. He gets any station any time without cross-talk or other interference. No 
longer need he put up his own outside aerial or be satisfied with inferior results from an indoor antenna. @, The 
equipment serves hotels and other types of multi-family building, as well as apartments. And Western Electric’s 
experience of 50 years in manufacturing telephones for the Bell System r counts heavily in the making 
of such related equipment as the Radio Frequency Distribution System. Get further details of this new 


development from its distributors, Graybar Electric Company, Graybar Building, New York, N. Y. 
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Western Electric Co., All Principal Cities 


ROPE, WIRE 


American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


SEARCHLIGHTS 
General Electric Co., Schenectady 


SOCKETS AND RECEPTACLES 
General Electric Co., Schenectady 


SOLENOIDS 


Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 
Roller-Smith Co., New York 


SOUND DISTRIBUTION SYSTEMS 


American Transformer Co., Newark, N. J. 
Western Electric Co., All Principal Cities 


SPRINGS 
American Steel & Wire Co., Chicago 
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STARTERS, MOTORS 


Allis-Chalmers Mfg. Co., Milwaukee 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Roller-Smith Co., New York 


STEEL, STRUCTURAL 
American Bridge Co., Pittsburgh 


SUB-STATIONS 


Allis-Chalmers Mfg. Co., Milwaukee 
American Bridge Co., Pittsburgh 
General Electric Co., Schenectady 


SWITCHBOARDS 


Allis-Chalmers Mfg. Co., Milwaukee 
Bull Dog Electric Products Co., Detroit 
General Electric Co., Schenectady 
Roller-Smith Co., New York 


SWITCHES 
Automatic Time 
General Electric Co., Schenectady 
Minerallac Electric Co:, Chicago 
Disconnecting 
Bull Dog Electric Products Co., Detroit 
General Electric Co., Schenectady 
Fuse 
Bull Dog Electric Products Co., Detroit 
General Electric Co., Schenectady 
Knife 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Magnetic 
Electric Controller & Mfg. Co., Cleveland 
Oil 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Remote Control 


General Electric Co., Schenectady 
Roller-Smith Co., New York 


TESTING SETS, HIGH VOLTAGE 


American Transformer Co., Newark, N. J. 
General Electric Co., Schenectady 


TOWERS, TRANSMISSION 
American Bridge Co., Pittsburgh 


TRANSFORMERS 


Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 

Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 


Factory 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Metering 


Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
Roller-Smith Co., New York 

Radio 


American Transformer Co., Newark, N. J. 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 

Ferranti Electric, Ltd., Toronto, Ont. 


TROLLEY LINE MATERIALS 


General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 


TURBINE GENERATORS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 


TURBINES, HYDRAULIC 
Allis-Chalmers Mfg. Co., Milwaukee 


TURBINES, STEAM 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 


TURBO-GENERATORS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 


VALVES, BRASS 
Gas, Water, Steam 
Ohio Brass Co., Mansfield, O. 
VARNISHES, INSULATING 


General Electric Co., Bridgeport, Conn. 
Minerallac Electric Co., Chicago 


WELDING MACHINES, ELECTRIC 


American Transformer Co., Newark, N. J. 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 


WELDING WIRE 


American Steel & Wire Co., Chicago 
Ohio Brass Co., Mansfield, O. 
Roebling’s Sons Co., John A., Trenton, N. J. 


WIRES AND CABLES 

Armored Cable : 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J 5 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 2 
Western Electric Co., All Principal Cities 


Asbestos Covered 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 


Automotive 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Western Electric Co., All Principal Cities 


Bare Copper 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Copper Clad 


American Steel & Wire Co., Chicago 
Western Electric Co., All Principal Cities 


Flexible Cord 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


Heavy Duty Cord 
American Steel & Wire Co., Chicago 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston | 


Fuse 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 


Lead Covered (Paper and Varnished Cambric 
Insulated) 

American Steel & Wire Co., Chicago 

General Electric Co., Schenectady 

Kerite Ins. Wire & Cable Co., New York 

Okonite Company, The, Passaic, N. J. 

Okonite-Callender Cable Co., The, Inc., 
Passaic, N. J. 

Roebling’s Sons Co., John A., Trenton, N. J. 

Simplex Wire & Cable Co., Boston 

Western Electric Co., All Principal Cities 


Magnet 
American Steel & Wire Co., Chicago 
General Electric Co:, Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Rubber Insulated 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Western Electric Co., All Principal Cities 


Tree Wire 
American Steel & Wire Co., Chicago 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


Trolley 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Weatherproof 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Western Electric Co., All Principal Cities 
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guick slupment FROM STOCK 


products—made to give lasting service. 


When you need electric wire or cable— 
and need it quickly—phone Roebling. 
You'll get ACTION—on-the-dot service. 


Ample stocks of standard Roebling Elec- 
tric Wires and Cables are carried in stock 
at the convenient warehouse points listed 
below and can be shipped at once. 


You can depend on these wires and 
cables, too. They are strictly high quality 


The nearest Roebling office would welcome 
your call for quick shipment, further in- 
formation, prices or samples. 


Rubber Covered Wires and Cables : Braided and Leaded : Code; Inter- 

mediate; 307% » Power Cables : Paper; Cambric; Rubber » Slow-burning 

Wires and Cables » Weatherproof Wires and Cables » Parkway Cable 

» Police-Fire Alarm Cable » Portable Cords » Magnet Wire » Annunciator 
Wire » And a wide variety of other wires and cables. 


JOHN A. ROEBLING’S SONS CO. . TRENTON, N. J 


Atlanta Boston Chicago Cleveland Los Angeles New York Philadelphia 
Portland, Ore. San Francisco Seattle Export Dept., New York, N. Y. 


ELECTRIC WIRES R () F p | | N G AND CABLES 
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1932 


Reference Index 


The Annual Reference Index covering the 
contents of ELECTRICAL ENGINEERING for the 
twelve issues of the calendar year 1932 
will be available for distribution after 


January 1, 1933. 


»« 


Free Upon Request 


To members of the Institute and to non-member subscribers 
to ELECTRICAL ENGINEERING one copy of this 1932 
index will be mailed upon request and free of charge. 
Additional copies will be charged for at the rate of 25 
cents each, postpaid. Address the Order Dept. 


»« 


In Convenient Form 


To make the Annual Index available in convenient form 
for those wishing to file it for reference, to make it also 
conveniently available for those wishing to include it in 
bound volumes of the 1932 copies of ELECTRICAL 
ENGINEERING, and to effect important economies in its 
production and distribution, the index is published again 
as 4 separate pamphlet and on especially durable paper 


»« 


Edition Limited 


All members or subscribers wishing the 1932 Reference 
Index should advise the A.I.E.E. Order Dept. im- 
mediately, by either letter or postal card, typing or care- 
fully and clearly writing the name and full address. The 
edition of the index will be governed by the number of 
requests received by January 1, 1933. 


American Institute of & 
' . > 
Electrical Engineers 


33 West 39th Street - - - New York 
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Trade “ESCO” Mark 


ELECTRIC SPECIALTY CoO. 


i 
i 
Engineers and Manufacturers q 
DESIGN — Hu 
DEVELOP — u 
PRODUCE — Hi 
Motors, Generators, Motor Generators, ii 
Rotary Converters, Dynamotors, # 
Gasolene Engine Generator Sets H 
FOR SPECIAL PURPOSES—Send Us Your Problems Hi 
222 South St., STAMFORD, CONN., U.S.A. | 
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A light forever burning... 


A voice that ts never stilled 


NIGHT comes on and spreads a blanket of dark- of a busy day it is almost indispensable. 
ness upon sleeping cities and towns. Here and The wonder of the telephone is not the in- 
there a lone policeman. In the distance a clock —strument itself but the system of which it is 
tolling the hour. the symbol . . . the system which links your 
In the dark silence of the night, there is own telephone with any one of eighteen mil- 
one light forever burning ... one voice that is _ lion others in the United States and _ thirteen 
never stilled. That light is the light in the tele- millions in other countries. 
phone exchange. That voice is the voice of your Every time you use your telephone you have 
telephone. A city without telephones would at your command some part of a country-wide 
be a city afraid—a city of dread. network of wires and equipment, and as many 
For the telephone brings security. Its very as you need of a great army of specialists in 
presence gives a feeling of safety and nearness communication. 
to everything. In times of stress and sud- There are few, if any, aids to modern 


den need it has a value beyond price. In living that yield so much in safety, conve- 


the many business and social activities nience and achievement as your telephone. 


AMERICAN TELEPHONE AND TELEGRAPH COMPANY 
DECEMBER 1932 yf 


Oscillograms of short 
circuit test on type KJ 


G 


Type KJ 3 pole, 3 coil 
150 ampere 600 volts A.C. 


AIR CIRCUIT BREAKERS 


SOLENOID OPERATED TYPES KJ+-KS$- 


I-T-E introduces iis latest developmenit—Type KJ, 2-150 
amperes; Type KS, 200-300 amperes. Two extremely com- 
pact solenoid operated air circuit breakers. Made in L 2, 
3, or 4 pole forms, switchboard mounting or steel enclosed, 
for 600 volts A.C.: 250 volts D.C. 


This apparatus is particularly designed for the control 
and protection of central station auxiliary, or similar 
service, motors where it is desired that the motor remain 
connected to the line through voltage failures. 


IMPORTANT FEATURES: 


l. Trip free closing solenoid welding non-oxidizing material. 

2. Latched in (not coil held in) 7. Min-Arc-Itearcextinguishersgivehighrup- 
3. Dual overload series trip coils turing capacity (C.O.—0O.C.O. duty cycle) 
4. High speed trip on short circuit 8. A. C. or D. C. closing solenoid 

5. Long time delay on normal overloads’ 9. Shunt trip standard—no voltage or both 
6. Easily replaceable butt contacts, of non- may be supplied 


SEND FOR BULLETIN 3201 DESCRIBING THIS APPARATUS 


ITE CIRCUIT BREAKER COMPANY 


ES AIS Ll Sri 


= (S30) Se ~ + PHILADELPHIA, PA. 
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for heavy power loads all voltages 


NTE -CALENUER 


iA” NULATE 


SOLID OR OIL-FILLED TYPES 


_ ]2330 supMaRine CABLE 27000 voLTS 
|" OKONITECALLENDER CABLE 


| UF UNITED ELECTRIC LIGHT< POWER CO. 
HEW YORK CITY 


Our latest 27,000 volt submarine cable 
installation: 


Installed in the East River by The United 
Electric Light and Power Company. 


Four 3-conductor cables: 500,000 C.M., 
sector, with .345” wood pulp paper, .003” 
perforated copper tape on each conductor, 
.004” steel tape binder, .140” lead sheath, 
two layers of saturated jute, No. 4 BWG 


galvanized armor wire, two layers of 
saturated jute overall. Outside diameter 


4.31”. Weight per foot 25.3 Ibs. 


Made in continuous lengths: One cable 
2415 feet—Three cables 2352 feet, each. 
Our submarine cables of all types have an 
outstanding performance record. We offer 
a practical engineering service on any cable 
problems: Stations, switching stations, sub- 
stations, underground, submarine, andaerial. 


THE OKONITE COMPANY 


Founded 1878 


THE OKONITE-CALLENDER CABLE COMPANY, INC. 


Factories: Passaic, N. J. 


CHICAGO 
SAN FRANCISCO 


NEW YORK 


Novelty Electric Co., Philadelphia, Pa. 
The F. D. Lawrence Electric Co., Cincinnati, O. 


OKONITE QUALITY CANNOT BE WRITTEN 


SALES OFFICES 
PHILADELPHIA 
LOS ANGELES 


Canadian Representatives 
Engineering Materials, Limited, Montreal 


INTOSA SREGIELCATIIOIN 


Paterson, N. J. 


ATLANTA 


PITTSBURGH 
SEATTLE 


BOSTON 
DALLAS 


Cuban Representatives 
Victor G. Mendoza Co., Havana 
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ee Rubber Insulated 
Submarine Cable 
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Shore End Protectors 
Cable Joint 
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AMERICAN STEEL & WIRE COMPANY 


Aiding Electric Power 
Transmission Everywhere 


American Steel & Wire Company Submarine Cables are univer- 
sally recognized for their efficient, economical service. Hundreds 
of installations, many of which are working under the most adverse 
conditions, have proved the dependability of these superior 
cables. Whether you need standard or special cables for sub- 
marine, overhead or underground use, we stand ready to supply 
you with cables in any quantity, size or type and for any voltage, 
to meet the most rigid specifications. 


1831 fel Sie Bie 1939 
. WIRE MAKING is 
es = 
AMERICAN STEEL & WIRE COMFANY 
208 South La Salle Street, Chicago SUBSIDIARY OF uurreo YS srates STEEL CORPORATION Empire State Bldg., New York 


94 Grove Street, Worcester AND ALL PRINCIPALICIIES First National Bank Bldg., Baltimore 
Pacific Coast Distributors: Columbia Steel Company, Russ Building, San Francisco Export Distributors: United States Steel Products Company, New York 


